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INTKODUCTION 


TO  THE  THIRD  EDITION. 


In  order  to  render  this  edition  more  valuable  to  the 
hydraulic  engineer  the  work  has  been  again  consider- 
ably extended  by  the  insertion  of  several  new  formnl», 
experimental  coefficients,  and  general  estimates  of  cost. 
It  is  hoped  that  the  extent  and  practical  nature  of 
these  additions,  will  render  the  book  still  more  useful 
than  before,  to  meet  the  ever-varying  requirements  of 
the  profession  in  connexion  with  rivers  and  water- 
works. The  experiments  of  Mr.  Mallet  on  syphons 
made  in  184S,  and  printed  in  Weale's  Quarterly  Papers 
on  Engineering,  have  been  reduced.  New  formula  are 
given  for  finding  the  discharge  from  syphons,  flood- 
sluices,  and  tidal-sluices.  The  practical  formulse  for 
gauging  by  weirs  have  been  added  to.  The  arrange- 
ment of  the  matter  is  in  some  places  altered,  and  some 
portions  of  the  former  introductions  transferred,  at 
their  proper  places,  to  the  text,  and  others  are  retained 
here. 
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At  page  85  the  erroneous  practice  of  different  engi- 
neers in  giving  only  two-thirds  of  the  coefficient  of 
discharge  for  weirs  is  noticed.    This  practice  assumes 
that  the  theoretical  discharge  from  a  notch  is  the  same 
as  if  all  the  particles  of  water  had  the  same  mean 
theoretical  velocity  as  those  undermost,  which,  being 
too  large  by  one-third,  the  experimental  coefficient  has 
to  be  reduced  in  the  same  proportion  to  give  a  correct 
result.     There  is  no  reason  for  sanctioning  a  different 
coefficient  for  notches,  or  orifices  at  the  surface,  and 
for  sunk  orifices.    The  coefficients  when  in  thin  plates^ 
with  large  cisterns,  have  nearly  the  same  general  value, 
•615  to  '628,  for  both,  and  it  tends  to  confusion  to 
adopt  in  one  place  a  coefficient  for  a  correct  formula, 
and  in  another  a  coefficient  for  an  incorrect   one ; 
although  the  final  result,  by  an  equality  of  contrary 
errors,  may  be  the  same.    I  may  here  observe  how 
very  general  the  coefficient  of  two-thirds,  and  there- 
abouts, is  for  all  orifices  and  notches ;  likewise  for  the 
useful  effect  derived  from  the  application  of  water 
power ;  as  well  also  for  the  relation  of  the  velocity  due- 
to  the  fall  and  the  velocity  of  water  wheels  to  give  a 
maximum  result.     The  modifications  of  coefficients, 
dependent  on  the  position,  thickness,  form,  and  ap- 
proaches of  an  orifice,  are  as  yet  little  understood  by 
the  profession.     The  defects  in  the  ordinary  formula 
when  the  velocity  of  approach  has  to  be  considered  are 
pointed  out  in  pages  88  to  124,  and  it  is  to  be  regretted 
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that  the  authority  of  some  writers  on  the  subject  has 
misled  many  as  to  the  correct  form.  Before  the  effec- 
tive power  of  a  water-wheel,  or  water-engine,  can  be 
determined,  we  must  know  how  to  gauge  the  water 
snppKed  to  it  correctly.  This  can  be  done  only  by  the 
application  of  formuhe  and  coefficients  varied  to  suit 
the  circumstances  of  the  case  under  consideration. 
From  causes,  which  it  is  not  necessary  to  enter  into 
here,  this  has  seldom  been  done,  and  veiy  little  depen- 
dence can  be  placed  on  results  obtained  by  the  formula 
in  common  use  when  applied  generally.  It  is  pleasing 
to  foUow  Mr.  Francis  and  Professor  J.  Thomson 
through  the  steps  by  which  they  get  the  effective 
power  of  their  wheels,  and  I  have  accordingly  made 
considerable  use  of  their  labours  in  Section  XTV. 

In  practice,  the  irregular,  sometimes  sloping,  broken 
and  jagged  crests  of  most  weirs,  on  larger  rivers,  render 
any  close  estimate  of  the  quantity  passing  over  quite 
uncertain,  especially  for  lesser  depths,  unless  where 
the  observer  has  a  large  scientific  experience ;  and  the 
quantities  are  generally  too  large  to  apply  the  ordinary 
notch-gauge.  In  such  cases  it  is  better  to  measure  the 
flow  of  the  river,  stream,  or  mill-race,  from  the  cross 
section  and  the  observed  mean  velocity.  Frequently, 
however,  this  method  presents  another  difficulty,  in  an 
irregular  channel,  where  the  depths  and  velocities  vary 
considerably  in  the  same  cross  section,  and  where  the 
cross  sections  themselves  vary  in  short  distances  apart. 
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In  such  cases  I  have  often  found  it  necessary  ta 
divide  a  selected  stretch  into  two  or  more  longitudinal 
sections^  determining  the  cross  section  and  mean  velo- 
city of  each^  and  taking  the  sum  of  the  results  for  the 
flow :  which  may  be  checked  off  by  like  admeasure- 
ments on  a  different  stretch  of  the  channel. 

Long  solid  stone  weirs,  with  an  enlarged  weir  basin 
in  connexion  with  mills,  to  regulate  the  head  and  to 
l)ond  water,  above  a  water-wheel,  have  especial  advan- 
tages for  this  duty ;  but  their  application  for  the  pur- 
pose of  keeping  down  the  head,  and  to  effect  drainage 
for  long  distances  up  a  river,  without  a  sluice,  or  fall- 
ing crest,  see  page  290,  was  marvellous — ^unless  for  the 
drainage  of  capital.  In  November,  1849,  in  coimexion 
with  a  paper  on  the  Benburb  Mills  and  Weir  case, 
page  283,  I  drew  the  attention  of  the  Institution  of 
Civil  Engineers  of  Ireland  *  to  the  misapplication  of 
such  long  solid  weirs  on  the  Shannon,  for  navigation 
and  drainage  purposes.  The  "Arterial  Drainage 
Commissioner,"  on  the  Board  of  Works,  who  was 
present,  "pooh-poohed"  the  inferences;  but  the 
failure  of  those  works — rather  the  injury  they  do — ^has 
since  become  patent  to  all ;  and  after  an  expenditiu^e 
of  about  £600,000,  an  Act  has  been  passed  for  the 

*  This  paper,  although  read  at  the  special  request  of  the  President, 
then  Chairman  of  the  Board  of  "Works,  and  ordered  to  be  printed,  did 
not  appear  in  the  TransadionSy  but  its  substance  afterwords  became 
the  nucleus  of  our  First  Edition.  The  Commissioner  of  Drainage  was 
one  of  the  A^ice-Presidents,  and  the  author  a  Member  of  Council  at  the 
time. 
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outlay  of  another  £300,000,  a  moiety  of  which  the 
riparian  proprietors  are  again  expected  to  contribute. 
This  amount  is  proposed  to  be  now  expended  in  order 
to  remedy  the  misapplication  of  a  large  portion  of  the 
first  sum,  £300,000  of  which  had  to  be  paid  by  the 
proprietors  of  the  adjacent  coimties,  without  having 
had  any  control  over  its  expenditure. 

Since  the  Eeport  of  the  "  Commissioners  of  Inquiry 
mto  the  Arterial  Drainage,  in  eleven  districts  in  Ire- 
land," see  pages  396,  397,  and  398,  and  the  removal 
of  the  Arterial  Drainage  Commissioner,  Treasury  Mi- 
nute, 24th  June,   1853,  drainage  works  have  been 
carried  on  under  a  better  system.     The  riparian  pro- 
prietors of  the   Shannon,  however,  if  again  taxed, 
should  have  power  to  nominate  an  engineer  of  their 
own  selection,  to  consult,  act  with,  or  control,  if  neces- 
sary, any  engineer  selected  by  the  Treasury,  or  by  the 
Commissioners  of  Public  Works,  and  to  see  after  and 
protect  their  special  interests.     The  system  of  execut- 
ing works  solely  by  or  under  the  staff  of  the  Government 
in  Ireland,  to  the  cost  of  which  districts  or  individuals 
contribute,  has  not  been  successful,  and  has  not  given 
satisfaction.    When  the  Treasury  is  solicited  to  lend, 
or  to  contribute  for  State  purposes,  the  control  exer- 
cised by  the  Board  of  Public  Works  and  its  engineers, 
with  reference  to  the  plans,  estimates,  and  specifica- 
tions submitted,  is  of  much  value ;  but  the  sooner  the 
system  adopted  for  drainage  works  since  1863  is  gene- 
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rally  carried  out,  and  persons  to  be  taxed  for  the 
Shannon,  or  for  piers,  harbours,  and  other  works,  are 
also  permitted  to  have  a  voice  in  the  engineering  plans, 
and /air  control  over  their  execution^  the  better  for  the 
State  and  for  all  parties  immediately  interested. 

The  Tables,  from  !•  to  XTV.,  at  the  end  of  the 
volume  are  all  original,  with  the  exception  of  Table  I.> 
which  contains  the  well-known  coefficients  of  Poncelet 
and  Lesbros  ;  but  these  are  newly  arranged,  the  heads 
reduced  to  English  inches,  and  the  coefficients  for 
heads  measured  over  and  back  from  the  orifice,  placed 
side  by  side,  for  more  ready  comparison.  The  coeffi- 
cients in  the  small  Tables  throughout  the  work  were 
all  calculated  by  the  author  from  the  original  experi- 
ments ;  the  formulflB  have  been  carefully  investigated, 
and  the  continental  ones  reduced  to  English  measures 
— some  of  them,  as  will  be  seen,  for  the  first  time. 

The  correction  of  some  of  the  experimental  formulae, 
particularly  the  continental  ones,  as  printed  in  some 
English  books,  cost  the  author  some  labour.  Even 
Du  Bu&t's  well-known  formula  is  frequently  misprinted ; 
and  in  a  hydraulic  work,  Vd— '1,  one  of  the  factors,  is 
printed  \/d—  •!  in  every  page  where  it  is  given.  It  is  not 
always  that  such  mistakes  can  be  avoided,  but  experi- 
mental formulae  are  so  often  copied  from  one  work  into 
another  without  sufficient  examination,  that  an  error 
of  this  kind  frequently  becomes  fixed ;  and  when  ap- 
plied to  practical  purposes  erroneous  formulae  get  the 
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correct  ones  into  disrepute.    See  note  to  formula  (91), 
page  218. 

The  Tables  of  velocities  and  discharges  over  weirs 
and  notches  have  been  calculated  for  a  great  number 
of  coefficients  to  meet  different  circumstancbs  of 
APPROACH  AND  OVERFALL,  and  for  various  heads  from 
ith  of  an  inch  up  to  6  feet.  Table  II.  embodies  the 
velocities  acquired  by  falling  bodies  under  the  head  of 
^'theoretical  velocity,"  and  the  velocities,  suited  to 
various  coefficients,  for  heads  up  to  40  feet. 

The  formula  (45),  (46),  (45a),  and  (46a),  for  calcu- 
latii^  the  effects  of  the  velocity  of  approach  to  orifices 
and  weirs,  and  the  necessary  corrections  for  the  ratio 
of  the  channel  to  the  orifice  at  pages  88  to  114^  as  well 
as  Table  V.,  I  believe  to  be  original.  They  will  be 
found  of  much  value  in  determining  the  proper  coeffi- 
cients suited  to  various  ratios.  The  remarks  through- 
out Section  IV.  are  particularly  applicable  to  the 
proper  understanding  and  use  of  this  Table.  The 
hypothesis  from  which  formulse  (44),  (45),  and  (46)  are 
derived,  page  96  and  97,  and  from  which  Table  V.  is 
calculated,  was  framed  for  the  purpose  of  giving  prac- 
tical results  when  the  orifice  a  approximates,  in  size, 
to  the  channel  c.  They  are  less  than  those  derivable 
from  formula  (44a),  (45a,),  and  (46a),  which  give,  for 
every  value  of  the  coefficient  c^,  infinite  results,  when 
a  =  c ;  and  results  much  too  large  in  practice  as  the 
values  of  a  and  c  approximate.    As  the  values  of  the 
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coefficients  for  (45a)  and  (46aj  can  be  immediately 
deduced  from  the  last  two  columns  of  that  Table,  by- 
using  the  values  therein  given,  for  the  ratio  of  the 
channel  to  the  orifice,  as  multipliers,  for  any  primary 
coefficient  c^,  as  pointed  out  in  the  text,  the  resulting 
or  SECONDARY  Coefficients  for  both  sets  of  formulae  can 
be  compared  with  much  advantage. 

Table  VII.  of  surface  and  mean  velocities  will  be- 
fotmd  to  vary  from  those  generally  in  use,  and  to  be 
much  more  correct,  and  better  suited  for  practical 
purposes,  particularly  when  applied  to  finding  the 
mean  velocities  in  rivers. 

The  Tables  at  pages  270  and  271  being  for  a  mean 
width  of  100  feet,  will  be  found  perhaps  more  generally 
applicable  to  river  channels  than  Tables  XI.  and  XII.,. 
for  a  mean  width  of  70  feet.  The  Tables  at  pages 
28,  29,  146,  and  199  give  similar  results  for  long  and 
short  cylindrical  pipes.  The  formula  (119a),  page  280, 
for  finding  the  velocity  in  pipes  and  rivers,  is  general 
in  its  practical  application. 

The  loss  of  head  from  friction  in  a  uniform  water 

—  I  X  —  in  which  the  value  of  m 
m  I       r 

for  feet  measures  may  be  taken  from  the  Table,  page 

231,  with  reference  to  the  velocity  v.     The  loss  is 

therefore  directly  as  the  length  of  the  channel,  directly 


as 


(^  y,  and  invei-sely  as  the  hydraulic  mean  depth 
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— ^which  is  one-fourth  of  the  diameter  for  a  cylindrical 
pipe.  I  have  known  an  engineer  of  considerable 
practice  take  it  as  proportionate  to  the  inner  surface 
of  a  pipe,  which  was  only  correct  when  the  diameter 
remained  constant. 

The  Statistics  of  rain-faU^  and  of  catchment-basins- 
have  not  yet  received  the  full  attention  which  the  sub- 
jects deserve.     The  distribution  of  rain  gauges  with 
reference  to  elevation,  contour,  temperature,  and  iso- 
thermal lines  has  not  been  sufficiently  attended  to. 
The  connexion  of  the  rain-faU  with  the  discharge  gene- 
rally, for  the  whole  catchment,  for  the  tributary  catch- 
ments, and  their  sub-catchments,  at  the  sea  in  the 
middle  districts  and  at  the  sources,  noting  the  geologj', 
must  be  observed  for  several  years  before  the  questions 
of  supply,  discharge,  absori)tion,  and  evaporation  in 
any  cUmate  can  be   answered.     The  maximum  and 
minimum  discharges  in  each  year  and  series  of  years 
must  be  observed,  as  well  as  the  average  mean  dis- 
charges, and  the  maximums  and  minimums  of  these 
also,  before  the  physical  connexion  of  climate   and 
catchment  can  be  correctly  ascertained,  and  the  engi- 
neer furnished  with  reliable  data.     Heretofore  obser- 
vationsy  even  when  of  the  best,  have  been  partial  or 
limited,  and  a  wide  field  is  here  yet  open  to  competent 
physicists  in  connexion  with  our  drainage  works.   Mr. 
Sjmons   is   now,  however,  reducing  the  rain-fall  in 
Great  Britain  and  Ireland  to  a  scientific  form. 
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The  general  items  of  cost  given  in  Section  XIII. 
will  be  found  of  use ;  they  are  intended,  however, 
more  as  guides  than  as  standards  for  estimating  other 
works,  the  cost  of  which  must  depend  on  their  own 
circumstances.  Those  who  have  practical  experience 
of  the  differences  between  estimates,  cost,  and  value, 
and  how  they  are  affected  by  changes  of  time,  locality, 
quality,  and  quantity,  will  estimate  for  themselves  in 
detail ;  but  the  discrepancies  between  estimates  and 
•cost,  even  under  the  same  cii'cumstances,  are  too  well 
known  to  call  for  any  remarks  here. 

A  few  words  about  my  publishers.  The  Messrs. 
Lockwood  and  Co.  having  purchased  the  copyright  of 
the  work,  decided  on  adopting  for  this  edition  a  more 
•convenient  size  for  the  engineer  and  student  than  that 
of  the  last  edition;  but  printed  on  paper  as  good, 
.and  with  type  fully  as  clear.  I  have  reason  to  be 
satisfied  with  the  manner  in  which  the  work  is  again 
brought  out  and  published,  and  wish  them  a  full  return. 
I  am  indebted  to  Mr.  E.  Field,  Westminster,  for  some 
observations  and  corrections,  which,  coming  after  the 
text  was  printed,  I  have  only  here  to  thank  him  for, 
having  made  use  of  them  in  the  errata. 

John  Neville. 

RoDEx  Place,  Duxdalk, 
Fehruaryy  1875. 


CONTENTS. 


ISTRODTJCnON   TO  THE  ThIRD  EDITION    . 


•  ■ 


Sbcxion  I.  Application  and  Use  of  the  Tableh, 
FoRMUUB  —  Extra  Horse-poweh  required  in 
PmiPiNG  Engines  from  Friction  in  the  Pipes 
— ^Table  of  Heads  due  to  Friction  and  of 
Discharges 

Section  II.  Formula  for  the  Velocity  and  Dis- 
charge from  Orificeh,  Weirs,  and  Notches — 
Coefficients  of  VELocirk*,  Contraction,  and 
Discharge— Practical  Remarks  on  the  Use  of 

the  FoRMULiE 

Section  III.  Experimental  Results  and  FoRMULiE 
— Coefficients  of  Discharge  for  Orifices, 
Notches,  and  AVeirs 

Section  IV.  Variations  in  the  Coefficients  from 
the  Position  of  the  Orifice — General  and 
Partial  Contraction — ^Velocity  of  Approach- 
Central  AND  ^Iean  Velocities — Various  Prac- 
tical FORMUUE  FOR  THE  DISCHARGE  OVER  WeIRS 

and  Notches 


Section  V.    Submerged  Orifices  and  Weirs— Con 
tbacted  River  Channels   .... 

Section  VI.    Short  Tubes,  Mouth-pieces,  and  Ap 
fboaches  —  Alteration   in   the   Coefficients 
FROM  Friction  by  Increasing  the  Length — Co 
efficients  of  Discharge  for  Simple  and  Com 
FOUKD  Tubes— Shoots 


PAGET. 

•  ■  ■  ■ 

Ul — XI 


1—81 


81-51 


61— 8(V 


86—134 
184—144 


144—160' 


I 


JilV 


COXTENTS, 


Section  VII.  Latebal  Contact  of  the  Water  and 
Tube — Atmosphebic  Pressure — Head  measured 
TO  THE  Discharging  Orifice — Coefficient  of 
Resistance — Formula  foe  the  Discharge  from 
A  Short  Tube — Diaphragms — Oblique  Junctions 

— FORMLOA    for    the    TiME     OF     THE    SURFACE 
SINKING  A  GIVEN  DePTH — LoCK  ChAMBEES — FlOOD 

AND  Tidal  Sluices 

Section  VIII.  Flow  of  Water  in  Uniform  Chan- 
nels— Mean  Velocity — Mean  Radii  and  Hy- 
draulic Mean  Depths  —  Border  —  Train  — 
Hydraulic  Inclination — Effects  of  Friction — 

FORMULJB  FOR  CALCULATING  THE  MeAN  VELOCITY 

— Application  of  the  Formulb  and  Tables  to 
the  soll-tions  of  three  useful  problems  .    . 

Section  IX.  Best  Forms  of  the  Channel— Regimen 
— Velocity — Equally  Discharging  Channels  . 

Section  X.  Effects  of  Enlargements  and  Con- 
tractions— Backwater  Weir  Case — Long  and 
Short  Weirs — ^The  River  Shannon      .        .    . 

Section  XL  Bends  and  Curves— Branch  Pipes — 
Different  IjOssf.s  of  Head^General  Equation 

FOE    finding    the    VELOCITY — HYDROSTATIC    AND 

Hydraulic  Pressure — Piezometer— Syphons    . 

Section  XII.  Rain-fall — Catchment  Basins— Dis- 
charge into  Channels  —  Discharge  from 
Sewers  —  Loss  from  Evaporation,  etc.  .     . 

Section  XIII.  Water  Supply  for  Towns— Strength 
OF  Pipes  —  Sewerage  Estimates  and  Cost — 
Thorough  Drainage — ^Arterial  Drainacje 

Section  XIV.  Water  Power  —  Dynamometer,  or 
Friction  Brake  —  Overshot,  Breast,  and 
Undershot  Vertical  Wheels — ^Turbines  and 
Horizontal  Wheels— Hydraulic  Ram— Water- 
pressure  Engine — Work  of  Flour  Mills  . 


PJkOBS 


160—188 


188—251 


251—272 


272-291 


291—315 


315-343 


343-399 


399—435 


CONTENTS. 


XV 


TABLES  NOT  EMBODIED  IN  THE  TEXT. 

Tablk  I.  CoeffidefiUs  of  Difcharge  from  Square  amd  IXf- 
fcrenUy  proporUoned  Bedangular  LaUraZ  Orifices  in 
![%in  Vertical  Plates,    (See  pp.  60,  61,  and  62.) 

Table  II.  Pot  finding  the  Velocities  from  the  Altitudes 
and  the  AUUvdes  from  the  Velocities 

Table  III.  Square  Roots  for  finding  the  Effects  of  tJie 
Velocity  of  Approach^  when  the  Orifice  is  small  in 
proportion  to  the  Siead,  Also,  for  finding  the  In- 
crease in  the  Discharge  from  an  Increase  of  Head. 
(See  pp.  91  to  99.) 

Table  IY.    For  finding  the  discharge  through  Eectan' 

gular  Orifices;  in  which  n  =  ^- .   Also,  for  finding 

d 

the  Effects  of  Vie  Velocity  of  Approach  to  Weirs,  and 
Vie  Depression  on  the  Crest.     (See  pp.  91  to  99.) 

Table  Y.  Coefficients  of  Discharge  for  different  Eatios 
of  the  Channel  to  the  Orifice.    (See  pp.  98  to  114.)  . 

Table  VI.     The  Discharge  over  Weirs  or  Notches  of  One 
Foot  in  Length,  in  CiMc  Feet  per  Minute.    (See  pp. 
62  to  86,  90,  96,  109,  and  114  to  125.)        .        .     . 

Table  YII.  For  finding  the  Mean  Velocity  from  the 
Maximum  Velodiy  at  the  surface,  in  Mill-races^ 
Streams,  and  Rivers  with  Uniform  Channels ;  and 
the  Maximum  VeloeUyfrom  the  Mean  Velocity,  (See 
pp.  188  to  191.) 

Table  VIII.  For  finding  the  Mean  VdocUies  of  Water 
fiawing  in  Pipes,  Drains,  Streams,  and  Rivers.  (See 
p.  209.) 

Table  IX.  For  finding  the  Discharge  in  CvMc  Feet,  per 
Minute,  when  the  Diameter  of  a  Pipe  or  Orifice,  and 
the  Velocity  of  Discharge,  are  known,  and  vice  versfi 

Table  X.  For  finding  the  Depths  on  Weirs  of  different 
Lengths,  the  Quantity  discharged  over  each  being 
supposed  constant.    (See  p.  289.)    .... 


PAGES 

436—437 
438-447 


448--449 


450—453 
454—459 

460—465 


466 


467-479 


480—481 


482 


xvi  CONTENTS. 


FAGVS 


Table  XI.  Relative  dijneTisioTu  of  E^ttally-Disehcirging 
Trapezoidal  Channels,  with  Slopes  from  0  to  1,  up  to 
2  to  1.     (See  pp.  267  to  272.) 483 

Table  XII.    Disehurges  from  the  Primary  Channd  in 

the  first  column  of  Table  XL  (See  pp.  270  and  271.)        484—485. 

Table  XIII.  The  Square  Boots  of  the  Fifth  Powers  of 
Numbers  for  finding  the  Diameter  of  a  Pipe,  or  Di- 
mensions of  a  Channel  from  the  Discharge,  or  tJi^ 
reverse  ;  shomng  the  relative  Discharging  Powers  of 
Pipes  of  different  Diameters,  and  of  any  similar 
Channels  whatever,  closed  or  open,  (See  pp.  28,  29, 
245,  <5fc.) 485  j 

Table  XIV.    English  and  French  Measures     .        .     .        487 — 493  | 

Table  XV.     Weight,  Specific  Gravity,  UUimaJte  Strengt 

and  Elasticity  of  Yarious  Materials .        ...  494  \ 


ERRATA. 

Page  99,  line  13,  for  c^  within  the  brackets  read  cj. 

Page  179,  second  line  from  top,  for  "c^A^,"  read  "c^aA^;** 

and  for  "/,"  read  "/.'' 
Page  219,  lines  4  to  11.     This  is  Dr.  Young's  modification  of 

Eytelwein.    The  original  formula  in  the  "Handbuch"  is. 
equivalent  to  92*3  VrT"    (Mr.  Field.) 
Page  222,  line  one  at  top,  for  "  r^"  read  "«•." 


ON  THE 

DISCHAEGE    OF  WATEE 


7B0M 


ORIFICES,  WEIRS,  PIPES,  AND  RIVERS. 


SECTION  I. 

APPLICATION   AND   USE   OF  THE   TABLES,  AND  FORMULE. 

To  find  the  velocity  of  a  falling  body  from  the  height 
faUen,  or  the  height  fallen  from  the  velocity. 

BuLE. — ^Multiply  the  square  root  of  the  height 

IX  INCHES  BY  27*8,  AND  THE  .PRODUCT  WILL  BE  THE 
VELOdTY  IN  INCHES.*  To  FIND  THE  HEIGHT  FROM  THE 
VELOCITY,  SQUARE  THE  VELOCITY  IN  INCHES  AND  DIVIDE 
THE    SQUARE  BY  772*84,    THE   QUOTIENT   WILL  BE    THE 

HEIGHT  IN  INCHES.  See  equation  (1).  Table  II., 
column  1,  will  give  the  velocity  from  the  height,  found 
in  the  column  of  "  altitudes,"  or  the  height  from  the 
velocity,  directly. 

Example  1. — What  is  the  velocity  acquired  by  a 
heavy  body  faUing  ^th  of  an  inch? 

In  the  Table  opposite  to  ^th  of  an  inch,  found  in 
the  column  headed  *'  altitudes  A,**  is  found  9*829  in 

*  The  aqoaxe  root  of  the  height  in  feet  multiplied  hy  8 '025  gives  the 
Telocitj  per  second  in  feet ;  and  the  square  of  the  velocity  in  feet 
<Uvided  hy  64*4  will  give  the  height  in  feet  The  decimals  may  he 
emitted  in  applications  for  engineering  practicei  and  the  multiplier  S 
and  divisor  64  only  used. 
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column  1,  for  the  required  velocity,  in  inches  per 
second. 

Example  2. — What  is  the  velocity  acquired  by  a  faJtl 
of  11  feet  8  inches  ? 

Opposite  to  11  feet  3  inches,  as  before,  is  found 
823*007  inches,  for  the  velocity  required. 

Example  8. — What  height  must  a  lieavy  body  faJl 
through  to  acquire  a  velocity  of  AO^  feet  per  second} 

Here  40^  feet  is  equal  486  inches,  opposite  the 
nearest  number  to  which,  found  in  column  1,  is  found 
25  feet  6  inches  for  the  required  fall.  In  this  example, 
the  nearest  number  to  486  found  in  the  Table  is 
486*301.  The  difference  '801  corresponds,  verynearly, 
to  f  ths  of  an  inch  in  altitude,  and,  therefore,  the  true 
head  according  to  the  rule  would  be  25'  5f" ;  but  for 
all  practical  purposes  the  difference  is  immaterial. 

By  means  of  Table  II.,  directly,  or  by  simple 
interpolation,  the  velocity  due  to  all  heights  from  xir 
part  of  an  inch  up  to  40  feet,  can  be  found,  and  the 
heights  from  the  velocities.  For  a  greater  height  than 
40  feet  it  may  be  divided  by  4,  9,  or  some  square 
number,  w^,  .and  the  velocity  found  for  the  quotient, 
from  the  Table,  multiplied  by  2,  8,  or  n,  the  square 
root  of  the  divisor,  will  give  the  velocity  required. 

Example  4. — What  is  the  velocity  acquired  by  a  fall 

of4L5feet? 

45 

—  =  11'  8'^  the  velocity  corresponding  to  which, 

found  from  the  Table,  is  323*007.    Hence,  828*007 

X  V4=  828*007  X  2  =  646''*014  =  53'  10''*014  is 
the  velocity  per  second  required.  The  reverse  of  this 
example  is  equally  simple. 
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Columns  8,  4,  5,  6,  7,  8,  9,  10,  11,  and  12  in  the 

Table,  give  the  values  of  ^2gh  multiplied  by  the 
coefficients  therein  stated.  These  columns  will  be 
found  of  great  practical  use  in  finding  the  mean 
velocities  in  the  vena-contracta,  in  the  orifice,  and  in 
short  tubes;  and  consequently,  also,  in  finding  the 
mechanical  force,  as  well  as  the  discharge.  An 
examination  of  the  coefficients  in  the  small  Tables  in 
Section  HI.,  and  also  of  those  in  Tables  I.  and  V., 
at  the  end  of  the  work,  will  show  how  much  they  vary ; 
but  those  most  generally  useful,  and  their  products  by 
the  theoretical  velocity  due  to  different  heads,  up  to  40 
feet,  are  given  in  the  colurans  referred  to. 

Example  5. — What  is  the  discharge  from  an  orifice 
4  inches  by  8  inches,  the  centre  sunk  20  feet  below  the 
surface  of  a  reservoir  ? 

From  Table   II.,  is  found  480*676  inches  equal 

35*89  feet  for  the  theoretical  velocity  of  discharge : 

8x4  2 

hence,  -j^   x  86-89  =  o    x  36-89  =  7*976  cubic 

feet  per  second  is  the  theoretical  discharge.  If  the 
discharge  takes  place  through  a  thin  plate,  or  if  the 
imier  arrises  next  the  water  in  the  reservoir  be  per^ 
fectly  square,  and  the  water  in  flowing  out  does  not 
fill  the  passage  so  as  to  convert  the  orifice  into  a  short 
tube,  the  coefficient  is  found  from  Table  I.  to  be 
•608.  The  true  discharge  then  is  7*976  x  '608  = 
4'809  cubic  feet  per  second. 

For  the  determination  of  the  coefficient  suited  to 
any  particular  orifice,  and  the  circumstances  of  its 
position,  the  reader  must  refer  generally  to  the  follow* 
ing  pages.    If  in  the  example  just  given^  the  arrises 

B  2 


4  TEE  DI8CHARQE  OP  WATER  FROM 

next  the  reservoir  were  rounded  into  the  form  of  the 
contracted  vein,  see  Fig.  4,  the  coefficient  would 
iixcrease  from  *608  to  '974  or  '956,  for  a  passage  not 
exceeding  a  couple  of  feet  in  length.  With  the 
former  the  discharge  would  be  7'976  x  '974  =  7'769 
cubic  feet,  and  with  the  latter  7'976  x  '956  =  7'625 
cubic  feet.  The  latter  results  may  be  found  other- 
wise from  Table  II.  "With  a  head  of  20  feet  and  the 
coefficient  '974,  the  velocity  is  419'48  inches  =  84'957 

2 

feet;    hence,   the  discharge  is  q   x  84'957  =  7'768 

cubic  feet.    With  a  coefficient  of  '956,  the  velocity  is 

411'78  inches  =  84-81  feet,  and  |   x  84-81  =  7'624, 

cubic  feet.     These  results  are  the  same,  practically, 

as  those  previously  found. 

If  the  inner  arrises  be  square,  and  the  passage  out 

be  from  18  inches  to  2  feet  long,  the  orifice  will  be 

converted  into  a  short  tube,  the  coefficient  for  which 

is  '815.     With  this  coefficient,  and  a  head  of  20  feet, 

find  as  before,  from  Table  II.,  the  mean  velocity 

of  discharge  851  inches   =  29*25  feet;   hence,  the 

2 
discharge  now  is    q    x   29'25  =  6'5  cubic  feet  per 

second. 

The  velocities  in  inches  per  second,  given  in  Tables 
II.  and  VIII.,  or  elsewhere  in  the  following  pages y  may 
be  converted  into  velocities  in  feet  per  minute,  by  muUi' 

plying  by  5;  equal  =^. 

Example  6. — The  discharge  from  a  sniaU  orifice 
having  its  centre  placed  10  feet  below  the  surface  of  a 
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raervoir  is  19  feet  per  minute,  what  vnll  be  the  discharge 
from  the  same  orifice  at  a  depth  of  17  feet  ? 

The  discharges  will  be  to  each  other  as  VlO :  Vl7, 
or  as  1  :  VlT? ;  or,  from  Table  HI.,  as  1  :  1*8038, 
whence  the  discharge  sought  is  equal  l'S088  x  18  = 
23-4684  cubic  feet. 

ExAMPTiFi  7. — What  is  the  value  of  the  expression 
f d  -}  1  +     ft    ^  i   \    i^  equation  (46),  when  c^  =  '617, 

and  m  =  2  ? 

TT  g'd  •617»  -3807 

^«re  ;„«  _  c«^  -  4  «  .6173  -  8-6198  -  "^^^^^ 

whence  the  first  expression  becomes  equal  to   '617 

(11052)*  equal,  from  Table  in.,  -617  x  1-0518  = 
'649,  the  value  sought.  Table  Y.  contains  the  values 
of  this  expression  for  various  values  of  c^  and  m, 
which  latter,  m,  stands  for  the  ratio  of  the  channel  to 
an  orifice ;  and  then  immediately  find  from  it,  opposite 
2  in  the  first  column,  and  under  the  coefficient  *617 
in  the  sixth  column,  *649  the  value  sought.  When 
the  head  due  to  the  pressure,  and  to  the  velocity 
of  approach,  are  both  known,  we  can  determine  the 
new  coefficient  of  discharge  by  the  above  expression, 
and  thence  the  discharge  itself.  The  coefficient 
suited  to  the  velocity  of  approach  may  however  be 
foimd  directly  in  Table  Y.  The  usual  methods  for 
finding  the  effects  of  the  velocity  of  approach,  given 
by  d'Aubuisson  and  others,  are  incorrect  in  principle, 
see  Section  IY. 

Example  8. — What  is  the  discharge  from  an  orifice 
17  inches  long  and  9  inches  deep,  having  the  upper 
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edge  placed  4  inches  below  the  surface,  and  the  lower 

edge  13  inches  ? 

2  , 

The  expression  for  the  discharge  is  «  x  a v  2  g  d 

X  Cd  {(l  +  I*)'  -  (|*y  J  equation  (43),  in  which  take 

d  =  9  inches ;   At  =  4  inches ;    a  =  17  x  9  =  153 
square  inches ;  and   V2^  d,  found  from  Table  II.  = 

83*4  inches.      Also,  ~  =  '444,  and  hence  the  value  of 

d 

(1.444)1  _  (.444)i  =  (from  Table  IV.)  1-44. 
Assuming  the  coefficient  of  discharge  to  be  *617,  then 
the  discharge  in  cubic  inches  per  second  is  equal  to 

1^  X  163  X  83-4  X  -617  x  1-44  = 

I  X  12760-2  X  -88848  =  7568. 
o 

Consequently,  =  4*374  is  the  discharge  in  cubic 

feet  per  second.     From  equation  (6.),  the  discharge  is 
equal  to 

%  X  -617  X  27-8  X  17  X  {IS^  -  4} 
o 

But  135  -  4^  =  46-872  -  8,  from  Table  IV.,  equal 
to  38*872,  whence  the  discharge  is 

%  X  *617  X  27-8  X  17  X  38*872  =  11*4361  x  17  x 

o 

38*872  =  194*3967   x   38*872  =  7667  cubic  inches 
=  4*374  cubic  feet,  the  same  as  before. 

It  is  shown,  equation  (31),  that  by  using  the  mean 
depth  for  orifices  near  the  surface,  the  discharge 
will  approximate  very  closely  to  the  true  discharge, 
and  that  even   for  weirs  the  error  will  not  exceed 
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6  per  cent.      The   discharge  is  then  expressed   by 

•617  V  '2  p  X  8i  X  9  X  17  = .  (from  Table  II.) 
50-01  X  153  =  7651-63  cubic  inches  =  4*427  cubic 
feet  per  second.  The  head  to  the  centre  of  the  orifice 
is  here  8|-  inches,  and  the  depth  of  the  orifice  9  inches, 
therefore,  in  equation  (31),  h  =  d  very  nearly ;  and, 
therefore,  this  result  must  be  multiplied  by  *989,  as 
shown  in  that  equation ;  then  '989  x  4*427  =  4*378 
cubic  feet,  which  gives  a  result  differing  from  those 
otherwise  found,  by  a  very  small  quantity,  which, 
practically,  is  of  no  value.  By  means  of  Table  VI. 
the  discharge  from  rectangular  orifices  near  the  surface 
can  be  found  with  very  great  facility. 

The  discharge  from  an  orifice  near  the  surface  may 
always  he  found  with  sufficient  accuracy,  for  practical 
purposes,  by  measuring  the  head  to  tlie  centre,  in  the 
same  manner  as  if  the  orifice  were  sunk  to  a  consider- 
able  depth ;  then  by  applying  the  corrections  given  in 
equation  (31) ;  or  if  the  orifice  be  circular,  those  given 
in  equation  (28);  sufficient  accuracy,  according  to  the 
correct  formula,  is  obtainable. 

Example  9. — What  is  the  discharge  from  a  circular 
orifiee  4  inches  in  diameter,  having  its  centre  placed  4 
inches  below  the  surface,  when  the  coefficient  of  discharge 
is  -617  ? 

The  area  of  the  orifice  is  4  x  4  x  '7864  =  12*666 
square  inches.  The  velocity  in  the  orifice  at  the  mean 
depth  of  4  inches,  with  a  coefficient  of  '617,  is  34*81 
inches,  whence  the  discharge  is  12*566  x  34*31  =: 
481*189  cubic  inches  s  '2496  cubic  feet  per  second, 
or  14*97  cubic  feet  per  minute.  By  means  of  Table 
IX.  the  discharge  in  cubic  feet  per  minute  can  be 


8  THE  mSCHARQE   OP  WATER  FROM 

found  very  readily  when  the  velocity  (34'31  inches  per 
second)  is  known.     Thus, 

Inches.  Cubic  feet. 

For  a  velocity  of    80*00    the  discharge  is    13*089 

400  „        „  1-745 

•30  „        „      •     0181 

•01  „        „  0004 


,*  34-31  „        „  14-969 

By  applying  the  coefficient  found  from  equation 
(28),  which  is  *992,  when  the  depth  at  the  centre  is 
twice  the  radius,  as  it  id  in  this  example,  *992  x  14*97 
:=  14*85  is  found  for  the  correct  discharge  in  cubic 
feet  per  minute.  Here  the  difference  in  the  results  is 
only  1  in  125. 

The  application  of  Table  YI.  enables  us  to  find 
the  discharge  from  rectangular  orifices  near  the  surface 
very  quickly.  Besuming  "Example  8/'  the  discharge 
may  be  found  from  this  Table  for  each  foot  in  length 
of  the  orifice,  as  follows.  The  discharge  in  cubic  feet 
per  minute,  when  the  coefficient  is  '617  for  a  notch  1 
foot  long  and  18  inches  deep,  is  228*828 ;  and  for  a 
notch  of  4  inches  deep,  88*116;  therefore,  the  dis- 
charge from  an  orifice  9  inches  deep,  with  the  upper 
edge  4  inches  below  the  surface,  is  223*828  -  88*116 
=  185*207  cubic  feet  per  minute.  But  as  the  length 
of  the  orifice  is  17  inches,  this  must  be  multiplied  by 

17 

Y2>  &^d  the  product  262*877  is  the  discharge  in  cubic 

feet  per  minute ;  this  is  equal  to  a  discharge  of  4*378 
cubic  feet  per  second,  and  agrees  with  that  before 
found.  This  is  the  simplest  way  of  finding  the  dis- 
charge from  rectangular  orifices  near  the  surface. 
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Example  10. — What  is  the  discharge  in  cubic  feet 
per  minuteyfrom  an  orifice  2  feet  6  inches  long  and  7 
inches  deep,  the  upper  edge  being  8  inches  below  the 
surface,  and  the  coefficient  of  discharge  '628  ? 

From  Table  "VT.  the  dischai^e  from  a  notch  1  foot 
long  and  10  inches  deep  is  found  to  be  153'858,  and 
for  a  notch  8  inches  deep,  25*199.  The  difference,  or 
128*154,  multiplied  by  2J,  will  be  the  discharge 
required;  viz.  2J  x  128-154  =  820*885  cubic  feet 
per  minute. 

Example  11. — The  size  of  a  channel  is  2*75  times 
the  size  of  an  orificCy  what  is  the  coefficient  of  discharge 
when  that  for  a  very  large  channel  in  proportion  to  the 
orifice  is  -628  ? 

From  Table  V.  the  coefficient  is  found  to  be  '645, 
when  the  approaching  water  suffers  full  contraction. 
By  attending  to  the  auxiliary  Tables  in  the  text,  we  find 

-      ^1  .  orifice  1  «r»     ^-r  « 

for  this  case,  ^^^^j  =  ^^g  =  '86.  Hence,  there- 
fore, multiply  2*75  by  '857,  which  gives  2*86  for  the  ratio 
of  the  mean  velocities  in  the  orifice  and  in  the  channel 
approaching  it.  With  this  new  value  of  the  ratio  of 
the  channel  to  the  orifice,  find,  as  before,  the  value  of 
the  coefficient  from  Table  Y.  which  is  '651.  The 
remarks  throughout  the  work,  with  the  auxiliary  tables,. 
will  be  found  of  much  use  in  determining  the  coeffi- 
cients for  different  ratios  of  the  channel  to  the  orifice, 
notch,  or  weir,  and  the  corrections  suited  to  each.  If 
in  this  example, — other  things  being  the  same, — the 
alteration  in  the  coefficient  for  a  notch,  or  weir,  had  to 
be  considered,  it  would  be  found  from  the  Table, 
column  4,  to  be  '672  instead  of  '645  found  in  colmnn 
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8,  for  an  orifice  sunk  some  depth  below  the  surface. 
For  the  corrections  suited  to  mean  and  central  velocity, 
and  to  the  nature  of  the  approaches,  they  may  be 
found  in  the  body  of  this  work  and  in  the  auxiUary 
tables  at  the  end  of  Section  IV. 

Example  12. — What  is  the  discharge  over  a  weir  50 
feet  long  /  tlie  circumstances  of  the  overfall,  crest,  and 
approaches,  being  such  that  the  coefficient  of  discharge 
is  '617,  when  the  head  measured  from  the  water  in  the 
"weir  basin,  6  feet  above  the  crest,  is  17^^  inches  ? 

Table  VI.  gives  the  discharge  in  cubic  feet  per 
minute,  over  each  foot  in  length  of  weir,  for  various 
depths  up  to  6  feet.  It  is  divided  into  two  parts  ;  the 
first  for  "  greater  coefficients,"  viz.  "667  to  '617  ;  and 
the  second  for  "lesser  coefficients,"  viz.  "606  to  "olS. 
The  coefficient  assimied  being  '617,  the  discharge  over 
1  foot  in  length,  with  a  head  of  17^  inches,  is  found 
to  be  848'799  cubic  feet  per  minute ;  hence  the 
required  discharge  is  50  x  848*799  =  17439-95  cubic 
feet. 

The  determination  of  the  coefficient  suited  to  the 
circumstances  of  the  overfall,  crest,  approaches,  and 
approaching  section,  will  be  found  discussed  elsewhere 
through  this  work.  The  valuable  Table  derived  from 
Mr.  Blackwell's  experiments  will  also  be  of  use ;  but 
the  heads  being  taken  at  a  much  greater  distance  back 
from  the  crest  than  is  generally  usual,  the  coefficients 
taken  from  it  for  heads  greater  than  5  or  6  inches,  will  be 
found  less  than  the  ti*ue  ones  for  heads  measured  imme- 
diately at  or  about  6  feet,  above  the  crest.  For  heads 
measured  on  the  crest,  the  small  Table  of  coefficients  in 
Section  III.,  applicable  to  the  purpose,  will  be  of  use. 
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Example  13.- — What  is  the  mean  velocity  in  a  Ux/rge 
channel,  when  the  maaimuvi  velocity  along  the  central 
Une  of  the  surface  is  81  inches  per  second  ? 

Table  VII.  gives  25 '89  inches  for  the  required 
Telocity,  and  for  smaller  channels  24"86  inches.  In 
order  to  find  the  mean  velocity  at  the  surface  irom  the 
maximum  central  velocity,  the  latter  must  he  multiplied 
by  -914. 

The  velocity  at  the  surface  is  best  found  by  means 
of  a  floating  hollow  ball,  which  just  rises  out  of  the 
water.  The  velocity  at  a  given  depth  is  best  found  by 
means  of  two  hollow  balls  connected  with  a  link,  the 
lower  being  made  heavier  than  the  upper,  and  both  so 
weighted  by  the  admission  of  a  certain  quantity  of 
water  that  they  shall  float  along  the  current,  the  upper 
one  being  in  advance  but  nearly  vertical  over  the  other. 
The  velocity  of  both  will  then  be  the  velocity  at  half 
the  depth  between  them.  The  velocity  at  the  surface, 
found  by  means  of  a  single  ball,  being  also  foimd,  the 
velocity  lost  at  the  half  depth  is  had  by  subtracting  the 
common  velocity  due  to  the  Imked  balls  from  that  of 
the  single  ball  at  the  surface.  The  velocity  at  any 
given  depth  is  then  easily  found  by  a  simple  proportion ; 
bat  the  result  will  be  most  accurate  when  the  given 
depth  is  nearly  half  the  distance  between  the  balls, 
which  distance  can  never  exceed  the  depth  of  the 
channel.  Pitofs  tube,  WoUmann's  tachometer,  the 
hfdrometric  pendulum^  the  rheometer,  and  several  other 
hydrometers,  have  been  used  for  finding  the  velocity ; 
but  these  instruments  require  certain  corrections  suited 
to  each  separate  instrument,  as  well  as  each  kind  of 
instrument,   and  are  not  so  correct  or  simple,  for 
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for  measuring  the  velocity  in  open  channels,  as  a  ball 
and  linked  balls.  In  general  the  surface  maximum 
velocity  can  be  found  by  throwing  in  a  rag- weed,  or 
some  other  plant,  and  observing  the  time  it  is  carried 
over  a  given  distance,  say  from  80  to  100  feet  or  more, 
according  to  the  circumstances  of  the  channel;  and 
multiplying  the  velocity  so  found  by  "83  to  find  the 
mean  velocity.  If  the  velocity  at  the  surface  be  taken 
at  several  sections,  between  the  centre  and  the  banks, 
the  multiplier  should  be  increased  to  *91. 

Example  14. — What  is  the  discharge  from,  a  river 
having  a  8U)face  inclination  of  18  inches  per  mile,  or 
1  in  3520,  40  feet  ivide,  with  nearly  vertical  banks,  and 
3  feet  deep  ? 

The  area  is  40  x  3  =  120  feet,  and  the  border 
40  +  2  X  3  =  46  feet ;  therefore  the  hydraulic  mean 

depth  is  ^4?  =  2-61  feet  =  2  feet  7-3  inches.*   With 
46 

this  and  the  inclination  we  find  from  Table  YIH. 

28-27  +  2*75  x    —  =  28*87  inches  per  second  = 

6 

28*87  X  6  =  144*35  feet  per  minute  for  the  mean 

velocity;  hence  144*35  x  120  =  17,322  cubic  feet  per 

minute  is  the  required  discharge.     For  channels  with 

sloping  banks  divide  the  border,  which  is  always  known, 

into  the  area  for  the  hydraulic  mean  depth,  with  which, 

and  the  surface  inclination,  find  the  velocity  by  Table 

YIII.,  and  thence  the  discharge.     Unless  the  banks  of 

*  For  greater  hydraulic  depths  than  144  inches,  the  extent  of  the 
Table,  divide  hy  9,  and  find  the  corresponding  velocity.  This  multi- 
plied by  8  will  be  the  velocity  sought.  Or  divide  by  4  and  multiply 
by  2. 
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rivers  be  protected  by  stone  pavement  or  otherwise, 
the  slopes  will  not  continue  permanent ;  it  is  therefore 
ahnost  useless  to  give  the  discharges  for  channels  of 
particular  widths  and  slide  slopes.  When  the  mean 
velocity  is  once  known,  the  remaining  calculations  are 
those  of  mere  mensuration,  and  they  should  be  made 
separately.  This  example  may  also  be.  solved,  prac- 
tically, by  means  of  Tables  XI.  and  XII.  A  channel 
40  X  8  has  the  same  conveying  power  as  one  70  x  2, 
Table  XI.,  which  latter.  Table  XII.  discharges  with 
a  fall  of  18  inches  in  the  mile,  17,167  feet ;  or  about 
one  per  cent,  less  than  that  previously  found. 

Example  15. — The  diameter  of  a  very  long  pipe  is 
li  inchy  and  the  rate  of  inclination,  or  whole  length  of 
the  pipe  divided  by  the  whole  fall,  is  1  in  71^ ;  what  is 
the  discharge  in  cubic  feet  per  minute  ? 

The   hydraulic   mean    depth,   or  mean  radius,   is 

_J?   =    -875  inch  =  ~  inch.       Consequently     jfrom 

Table  VIII.  the  velocity  in  inches  per  second  is  equal 

to  25-09  -  1-92  X   ll®  =  25-09  -  '29  =  24-80.     The 

10 

discharge  in  cubic  feet  per  minute  for  a  1^-inch  pipe 

is  now  found  most  readily  by  means  of  Table  IX.,  as 

follows : — 

Inches.  Cubic  feet 

For  a  velocity  of   20*0  the  discharge  iB    1*227 
„            „          4-0         „  „  -246 

t»  >»  '"  »>  i>  *04w 

.,  ,»        24-8         „  „        1-621 

Whence  the   discharge  in  cubic  feet  per  minute  is 
1-521. 
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For  short  pipes^  of  100  or  200  feet  in  length,  and 
under,  the  height  due  to  the  velocity  and  orifice  of 
entry  must  be  deducted  from  the  whole  height  to  find 
the  proper  hydraulic  inclination,  and  also  the  height 
due  to  bends,  curves,  cocks,  slides,  and  erogation. 
The  neglect  of  these  corrections  has  led  some  writers 
into  mistakes  in  applying  certain  formulae,  and  in 
testing  them  by  experimental  results  obtained  with 
short  pipes.  The  Tables  shall  now  be  applied  to  the 
determination  of  the  discharge  from  short  pipes,  and 
the  results  compared  with  Experiment,  referring 
generally  to  equation  (153  a)  and  the  remarks  preceding 
it  for  a  correct  and  direct  solution. 

Example  16. —  Wliat  is  the  discharge  in  cubic  feet  per 
minute  from  a  pipe  100  feet  long,  with  a  faU  or  head  of 
86  inches  to  the  lower  end,  when  the  diameter  is  1^  inchf 
Find  also  the  discharge  from  pipes  80  feet,  60  feet,  40 
feet,  and  20  feet,  of  Hie  same  diameter  and  having  the 
samA  head. 

If  the  water  be  admitted  by  a  stop-cock  at  the  upper 
end,  the  coefficient  due  to  the  orifice  of  entry  will 
probably  be  about  '76  or  less,  '815  being  that  for  a 
clear  entry  to  a  short  cylindrical  tube.  The  approxi- 
mate inclination  is    — -^ =  1  in  34*3;  but  as  a 

portion  of  the  fall  must  be  absorbed  by  the  velocity 

and  orifice  of  entry,  it  may  be  assumed  for  the  present 

that  the  inclination  is  1  in  85.     With  this  inclination 

li      8 . 
and  the  mean  radius  -I  =  -  inch,  we  find  the  mean 

4       8 
velocity  fi'om  Table  VIII.  to  be  88*06  inches.     Now 
when  the  coefficient  due  to  the  orifice  hi  entry  and 
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velocity  is  '75,  from  Table  II.  the  head  due  to  this  velo- 
cityis  8f  inches  nearly,  whence  36— 3f  =  31§  =  31'625 

inches  is  the  height  due  to  friction,  and     ^,  ^^^ — 

°  81*625 

equals  1  in  37'9,  the  inclination,  very  nearly.    With 

this  new  inclination  find,  as  before,  from  Table  YIII. 

the  mean  velocity  of  discharge  which  is  now  36*85 

inches ;  and  by  repeating  the  operation  the  velocity  to 

any  degree  of  accuracy  is  found  in  accordance  with  the 

table ;  and  the  shorter  the  pipe  is,  the  oftener  must  it 

be  repeated.     The  height  due  to  36*85  inches  taken 

from  Table  II.  as  before,  with  a  coefficient  of  *750, 

is  i\  =  3*125  inches.     The  corrected  fall  due  to  the 

friction  is  now  36  —  3*125  =  31*875,  and  -  equal 

1  in  37*6,  the  corrected  inclination.  With  this 
inclination  the  corrected  velocity  is  now  36*58  inches 
per  second.  It  is  not  necessary  to  repeat  this  operation 
again.  The  discharge  determined  from  Table  IX.  is 
as  follows : — 

Inches.  Cabic  feet 

For  a  Telocity  of    SO'OO  the  discharge  is    1*841 

6-00         „  „  -368 

•50         „  „  -081 

„  „  -08  „  „  -002 

„  „        86-58         „  „        2-242 

The  experimental  discharge  fotmd  by  Mr.  Provis  was 
2*264  cubic  feet  per  minute  in  one  experiment,  and 
2*285  in  another.  The  discharge  from  the  shorter 
pipes  may  be  found  in  a  similar  manner,  and  the 
results  placed  alongside  the  experimental  ones  given 
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in  the  work  referred  to  below  *  are  inserted  in  the  fol- 
lowing short  table : — 

EXPERIIUEKTAL  AND  CALCTTIATED  DISCHABQE8  FROM  SHORT  PIPES. 


1 

II 

100 

i 
1 

i 

85 

lii 

•d 

Velocity  per 
aecond. 

Head  due  to  the 
orifice  and  veloci^. 

Head  due  to 
friction. 

Kg 

Calculated 
▼olodty. 

II 
II 

2-275 

87-082 

Si 

31i 

87-6 

.  36-53 

2-242 

80 

1 

35 

2-500 

40-750 

Si 

31J 

30-8 

41-18 

2-521 

60 

1 

35 

2-874 

46-846 

6 

80 

24-0 

48*02 

2-946 

40 

85 

8-504 

57-115 

74 

27i 

17*5 

58-50 

8-590 

20 

35 

4-528 

73-801 

12i 

22| 

10-7 

78-61 

4-824 

The  velocities  in  the  fourth  colmnn  have  been  cal- 
cidated  by  the  author  from  the  observed  quantities 
discharged,  from  which  the  height  due  to  the  orifice 
of  entry  and  velocity  in  column  6  is  determined,  and 
thence  the  quantities  in  the  other  columns  as  above 
shown.  The  differences  between  the  experimental 
and  calculated  results  are  not  large,  and  had  a  lesser 
coefficient  than  '750  been  used  for  calculating  the 
reduction  of  head  due  to  the  velocity,  stop-cock,  and 
orifice  of  entry,  say  '716,  the  calculated  results,  and 

*  "Transactions  of  the  Institution  of  Civil  Engineers,"  vol.  ii. 
p.  203.  **  Experiments  on  the  Flow  of  Water  through  small  Pipes." 
By  W.  A.  Proyis.  The  small  Tables  in  Sections  YI.  and  YIII.  of  this 
edition  give  at  once  the  coefficient  to  be  multiplied  by  y  2  y  h, 
OT  8  V^  to  find  the  velocity  when  the  ratio  of  the  diameter  to  the 
length  of  the  pipe  is  known.  They  will  be  found  of  great  advantage 
in  calculating  directly  the  velocity  from  short  pipes.  For  long  pipes, 
sea  the  Table  at  the  end  of  this  Section. 
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those  in  all  of  Mr.  Provis's  experiments  in  the  work 
referred  to,  would  be  nearly  identical.* 

Example  17. — It  is  proposed  to  supply  a  reservoir 
near  the  town  ofDrogheda  with  water  by  a  long  pipe, 
having  an  inclination  of  1  in  480,  the  daily  supply  to 
be  80,000  cubic  feet ;  what  must  the  diameter  of  the 
pipe  be  ? 

The  discharge  per  minute  must  be    ^'   ,.     =   56  t 

1440 

cubic  feet,    nearly.      Assume  a  pipe   whose  "mean 

radius"  is   linch,   or  diameter  4  inches,   and  the 

velocity  per  second  found  from  Table  VIII.  will  be 

14*41  inches.     Then  from  Table  IX., 

Inche&  Cubic  feet 

For  a  velocity  of    10*00    a  discharge  of    4*368 

400        „  „       1*745 

I*  »  -40        „  „         -175 

„  »  -01        „  „  -004 

„        14-41        „  „       6*287 

The  discharge  from  a  pipe  4  inches  in  diameter  would 
be  therefore  6*287  cubic  feet  per  minute.     Then 

4f  :  c^  : :  6*287  :  56,  or  1 :  da : :  -196  :  56  : :  1  :  286  ; 

therefore  d%  =  286,  and  d  =  9*61  inches,  nearly,  as 
may  be  found  from  Table  XIII.,  &c.  This  is  nearly 
the  required  diameter.  It  is  to  be  observed  that  the 
<liameters  thus  found  will  not  always  agree  exactly 

*  In  a  late  work,  "  Researches  in  Hydraulics,'*  the  author  is  led  into 
i  series  of  mistakes  as  to  the  accuracy  of  Du  Bu&t's  and  several  other 
tonnolc,  from  neglecting  to  take  into  consideration  the  head  due  to  the 
^locity  and  oriiice  of  entry  when  testing  them  hy  the  experiments 
abof?e  referred  to.— tS^otmd  Edition. 

t  "Hydraulic  Tables,"  Weale,  1854, give  at  once  this  discharge  for  a 
pipe  between  9  and  10  inches  in  diameter,  also  the  Table,  p.  28. 

o 
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with  those  found  from  Du  Buat's  or  other  formtils, 
nor  with  each  other,  because  the  discharges  are  not 

strictly  as  d^ ;  but  in  practice  the  difference  is  imma- 
terial, and  the  approximative  value  thus  found  can  be 
easily  corrected.  If  a  pipe  whose  diameter  is  1,  were 
assumed,  the  operation  would  have  been  more  simple ; 
for  the  velocity  would  then  be,  Table  VIII.,  at  the 
given  inclination,  6'4  inches ;  and  the  discharge  *175 

cubic  feet.  Table  IX.    Hence  di  =  -^iTrer   =  320,  and, 

•175 

therefore,  Table  XIII.,  d  =  10  inches  nearly,  which 

differs  about  half-an-inch  from  the  former  value,  9*6 

inches,  found  by  assuming  a  pipe   of   4  inches  to 

calculate  from.     It  is  necessary  to  imderstand  that 

different  results  must  be  expected,  in  working  from 

practical  formulae,  for   different   operations.      When 

once  an  approximate  value  is    obtained,  it  can  be 

easily  corrected  to  any  required  degree  of  accuracy. 

Again,  the  velocity  in  inches  per  second,  from  a 

cyl'mdrical  pipe  6  inches  in  diameter ,  is  nearly  equal  to 

the  discharge  in  cvhic  feet  per  minute  ;   and  as  6*  = 

88*2,  then  88*2  :  d*  :  :  the  velocity  in  inches  per 
second  from  a  6-inch  pipe  :  the  discharge  per  minute 
from  a  pipe  whose  diameter  is  d.  Hence  this  pro- 
position gives,  very  nearly,  the  discharge  from  the 
diameter  and  fall ;  or  the  diameter  from  the  discharge 
and  fall  by  finding  the  velocity  only,  due  to  a  6-inch 
pipe.     See  Tables  pp.  28  and  29. 

Example  18. — The  area  of  a  channel  is  50  square 
feet,  and  the  border  20*6  feet ;  the  stifface  has  an  in- 
clination of  4  inches  in  a  tnile ;  what  is  the  mean 
velocity  of  discharge  ? 
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~  =  2-427  feet  =  29*124  inches  is  the  hydraulic 

mean   depth;    and    from    Table    VIII.,    12-03  — 

1-80  X  -876 

g =    12-08   —  -19   =  11-84  inches  per 

second  is  the  required  velocity.  Though  this  velocity 
will  be  found  under  the  true  value  for  straight  clear 
channels,  it  will  yet  be  more  correct  for  ordinary  river 
courses,  with  bends  and  turns,  of  the  dimensions 
given,  than  the  velocity  found  from  equation  (114.). 
For  a  straight  clear  channel  of  these  dimensions, 
Watt  found  the  mean  velocity  to  be  IB'S  to  14  inches ; 
that  is  to  say,  17  at  top,  10  at  bottom,  and  14  in  the 

middle.      The   author's  formula  v  =   140  (r  a)«  — 

11  (r  «)«  gives  v  =  1"143  feet,  or  nearly  a  mean  of 
these  two. 

Example  19. — A  pipe  5  inches  in  diameter,  14,687 
feet  in  length,  has  a  fall  of  44  feet;  what  is  the  dis- 
charge in  cubic  feet  per  minute  ? 

The  inclination  is  — r^  =  882"7,  and  mean  radius 

44 

5 

T  =  1  J.     Then  find  from  Table  VIII.  the  velocity 

which  is  equal  to  19'81  +  '^^  J^  ^'^  =  19*81  +  -16 

12-5 

=  19*97,  or  20  inches  per  second  very  nearly ;  and 

by  TabIjE  IX.  the  discharge  in  cubic  feet  per  minute 

is,  as  before  found  to  be,  18*686.     The  Table,  p.  28, 

^ves,  by  inspection,  18*6  feet. 

Example  20. — What  is  the  velocity  of  discharge  from 

a  pipe  or  ctdvert  4^  feet  in  diameter ^  having  a  fall  of 

I  foot  to  a  mile  f 

c  2 
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Here 


8  = 


5280' 


and  r  =  1  foot.     Next  we  find 


the  velocity  of  discharge  from  Table  VIII.  which  is 
14*09  inches,  equal  to  1'174  feet  per  second.  By 
calculating  from  the  different  formulsB  referred  to 
below,   the    velocities,    when  r  «  =  '0001894,    and 


V  r  «  =  '01376,  are  as  follows. 

Vdod^ 

in  feet. 

Reduction  of  Ba  Bn&t's  formtda 

,  equation    (81.)  1*174 

,•           Girard*8  do.  (Canals  with  aquatic 

plants  and  yeiy  slow  velocities 

)        „          (86.)     -521 

„           Pron/s  do.  (Canals) .     t     .     .     . 

„          (88.)  1-201 

„           Prony'sfonnula  (Pipes).     .    .     . 

(90.)  1-257 

,,           Prony's  do.  (Pipes  and  Canals) 

„          (92.)  1-229 

„           Eytelwein's  do.  (Riyera)      ,    . 

„          (94.)  1-200 

„           Eytelwein's  do.  (BiTers).    .     . 

(96.)  1-285 

„           Eytelwein's  do.  (Pipes) .    .     .    . 

(98.)  1-364 

„           Eytelwein's  do.  (Pipes)  .    .    . 

„          (99.)  1-350 

„           Dr.  Young's  do. 

(104.)  1120 

„          *D'Aubuisson's  do.  (Pipes)  .     . 

(109.)  1-259 

„         *D*Aubuis8on's  (RiTers)  .    .     . 

(111.)  1-199 

,,           The  writer's  do.   (Clear  straighl 

t 

Channels  with  small  yelocities 

)        „        ai4.)  1-268 

„           Weisbach's  do.  (Pipes)  .    .     .     . 

ai9.)  1-285 

„            The  author^s,  for  Pipes  and  Rivei 

•s       „        (119a.)  1-295 

This  example  is  calculated  from  tlie  several  formulae 
above  referred  to,  whether  for  pipes  or  rivers,  in  order 
that  the  results  may  be  more  i-eadily  compared.  The 
formula  from  which  the  velocities  and  tables  for  the 
discharges  of  rivers  are  usually  calculated  is,  for 
measures  in  feet,  v  =  94'17  V  r  «.  This  gives  the 
mean  velocity,  for  the  foregoing  example,  equal  to 


*  These  two  fonnul»  of  IXAuVaissan^s  ai«,  simply,  adoptioDs  of 
Ejtehrein*s  and  Phmy's. 
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1*295  feet  per  second.  This  is  the  same  as  is  found 
from  the  author's  general  formula  for  all  velocities ; 
but  the  particular  expression,  v  =  99*17  y/r8,is  only 
suited  for  velocities  of  about  15  inches  per  second ; 
the  results  found  from  it  for  lesser  velocities  are  too 
much,  and  for  higher  velocities  too  little,  if  bends  and 
curves  be  allowed  for  separately.  For  ordinary  practi- 
cal purposes  the  result  of  Du  Buat*s  general  formula, 
equation  (81),  may  be  safely  adopted;  and,  accord* 
ingly,  the  results  in  Table  VIII.  calculated  for  the 
first  edition  from  it,  have  been  retained,  notwith- 
standing the  greater  accuracy  and  simplicity  of  the 
general  equation  (119  a)  for  the  velocity  in  pipes  and 

rivers,  viz.,  v  =  140  (r  s)^  —  11  (r  «)*. 

Dr.  Young's  formula  gives  lesser  results  for  rivers 
and  lai^e  pipes  than  Du  Buat's,  but  they  are  too 
small  unless  when  the  curves  and  bends  are  numerous 
and  sudden.  Girard's  formula  (86.)  is  only  suited  for 
small  velocities  in  canals  contfdning  aquatic  plants, 
and  it  is  entirely  inapplicable  to  rivers  or  regular 
channels  for  conveyance  of  water.  A  knowledge  of 
various  formulae,  and  their  comparative  results,  applied 
to  any  particular  case,  will  be  found  of  great  value  to 
the  hydraulic  engineer,  and  the  differences  in  the 
results  show  only  an  amount  of  error  that  may  be 
expected  in  all  practical  operations,  and  which 
becomes  of  less  importance  when  it  is  considered  that 
by  increasing  the  dimensions  of  a  channel  every  way, 
by  only  one-third,  its  discharging  power  is  more  than 
doubled.     See  Table  Xm. 

Example  21. — Water  flowing  down  a  river  rises 
to  a  heigJu  of  lOJ^  inches  on  a  weir  62  feet  long ;  to 
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what  height  will  the  same  quantity  of  water  rise,  on 
a   weir    similarly    circumstanced,    120    feet     long  f 

j2^=-617,  nearly. 

In  Table  X.  is  found,  by  inspection^  opposite  to 
*517>  the  ratio  of  the  lengths,  the  coefficient  *644, 
rejecting  the  fourth  place  of  decimals ;  whence  10^ 
X  •644=6*76  inches,  the  height  required.  When  the 
height  is  given  in  inches  it  is  not  necessary  to  take 
out  the  coefficient  to  further  than  two  places  of  de- 
cimals. 

Example  22. — The  head  on  a  weir  220  feet  long 
is  6  inches ;  what  wUl  the  liead  be  on  a  weir  60  feet 
long,  similarly  circumstanced,  the  same  quantity  of 
water  flowing  over  each  ? 

As  this  lies  between  '27  and  *28,  from  Table  X. 

the  coefficent  '4208  is  found;   hence    _—__=  14*26 

*4208 

inches,  the  head  required. 

Table  X.  will  be  found  equally  applicable  in  finding 
the  head  above  the  pass  into  weir  basins,  and  above 
contracted  water  channels.     See  Section  X. 

Example  28. — A  river  channel  40  feet  wide  and 
4*5  feet  deep  is  to  he  altered  and  widened  to  70  feet ; 
what  must  the  depth  of  the  new  channel  he  so  that  the 
surface  inclination  and  discharge  shall  remain  un- 
altered ? 

In  ''  Table  XI.,  of  equally  disohabging  rectan- 
GULAB  Channels,"  opposite  to  4*54,  in  the  column  of 
40  feet  widths,  8  is  found  in  the  column  of  70  feet 
widths,  which  is  the  depth  required  in  feet. 
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EZAMPI4E  24. — It  18  necessary  to  unwater  a  river 
channel  70  feet  wide  and  1  foot  deep,  by  a  rectangular 
side  cui  10  feet  wide ;  what  must  the  depth  of  the  side 
cut  bCy  the  surface  inclination  remaining  the  same  as  in 
the  old  channel  ? 

In  Table  XI.  is  found  4*5  feet  for  the  required 
depth.  When  the  width  of  a  channel  remains  con- 
stant, the  discharge  varies  as  V  r^  X  d,  in  which 
d  is  the  depth;  and  when  the  width  is  very  large  com- 
pared with  the  depth,  the  hydraidic  mean  depth  r 
approximates  very  closely  to  the  depth  d,  and  there- 
fore d=:r;  consequently  the  discharge  then  varies  as 

d*  X  «^,  and  when  the  discharge  is  given  c^  must  vary 

inversely  as  «*;    or   more  generally  dr^  must    vary 

inversely,  as  <',  when  the  width  and  discharge  remain 
constant. 

In  narrow  cuts  for  unwatering,  it  is  prudent  to 
make  the  depth  of  the  water  half  the  width  of  the 
cut  very  nearly,  when  local  circumstances  admit  of 
these  proportions ;  for  then  a  maximum  effect  will  be 
obtained  with  the  least  possible  quantity  of  excava- 
tion ;  but  for  rivers  and  permanent  channels  the 
proper  relation  of  the  depth  to  the  width  must  be 
regulated  by  the  principles  referred  to  in  Section  TSL 

Table  XI.  is  equally  applicable,  whether  the  mea- 
sures be  taken  in  feet,  yards,  or  any  other  standards 
whatever. 

ExAJCPLE  25. — A  new  river  channel  is  to  have  a 
fall  of  eighteen  inches  in  a  mile,  and  must  discharge 
18,700  cubic  feet  per  minute ;  what  shaU  the  dimen- 
sums  be  ? 
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In  Table  XII.,  in  the  column  of  18  inclies  per 
mile,  opposite  to  18,766,  it  is  seen  that  a  primary 
chamiel  70  X  2*125  will  be  sufficient ;  and  opposite  to 
2*125  in  Table  XI.  it  is  also  seen  the  equiyalent 
rectangular  channels  60  x  2*37 ;  50  x  2'70 ;  40  X 
8*19;  85x8-52;  80x8*96;  25x4-61;  20x5*58; 
15x7*29;  and  10x11*87,  to  select  from.  If  the 
side  have  any  given  slopes,  the  discharge  wiU  not  be 
practically  affected  as  long  as  the  depth  and  area  of 
the  rectangular  channel  and  the  one  with  sloping 
banks  remain  the  same.     See  Section  IX. 

Example  26. — A  pipe  100  feet  long  and  1  inch  in 
diameter  has  a  head  of  150  feet  over  the  lower  end, 
what  will  be  the  discharging  velocity  ? 

Here  r=*020888  in  feet,  and  s—1'5,  therefore 
r«=-08125.    Hence    by  formul«B    (119a)    i;=:140x 

(•08125)*- 11  x(08125)«=  140  x  '1766  -  11  x  *815 
=  24*724  -  8*465  =  21*259  feet  per  second.  If 
allowance  is  required  for  the  orifice  of  entry,  the 
velocity  is  corrected  as  follows.  A  square  orifice  of 
entry  has  a  coefficient  of  *815.  The  head  due  to  this 
coefficient  for  a  velocity  of  about  20^  feet,  or  246 
inches,  is  about  10  feet.  Table  II. — The  head  due  to 
friction    is    therefore    150—10  =  140    feet,   and    s 

=:^=:l-4;  r«  now  becomes  1*4  x  •020888= "02917. 
140 

Hence  t;= 140  V71"— 11  y/  r  s  "^^^  becomes  140  x 

•171-11 X -808  nearly,   equal  to  28*940-8*888  = 

20*552  feet,  the  velocity  for  a  square  junction. 

Example  27. — A  sewer  9  feet  in  diameter  has  a 

fall  of  2  feet  per  mile,  what  tviU  be  the  velocity  and 

discharge  of  water  flomng  through  it  when  full  ? 
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Here  r=2-25  and«=  JU>  therefore  r«=-0008528, 

(r«)J  = -02919   and   (r  «)J=-0948;    and  by  formula 

(119A),t;=l40(r«)«-ll(r«)*=  140  X  •02919-11  X 
•0948=  4-0866  -  1-0428  =  8-0488  feet  per  second. 
Hence  the  discharge  per  minute  is  9"  X  '7854  X 
3-0438  X  60=68-62  x  182-6  =  11,617  cubic  feet 
nearly.  The  velocity  &om  a  circular  pipe  or  sewer 
is  however  greatest  when  the  circumference  is  open 
for  about  78J  degrees  at  the  top,  but  the  velocity 
of  sewage  matter  would  not  be  equal  to  that  of 
water.  It  would  vary  according  to  the  dilution  in  the 
sewer,  and  50  per  cent,  should  be  allowed,  at  least, 
in  deduction,  unless  the  dilution  be  very  consi- 
derable. 

The  Table  for  the  values  oi  r  s  and  r,  calculated 
from  the  formula  (119  a)  Sec.  VIII.,  will  give  the 
Telocity  at  once  when  r  s  is  known,  and  r  b  when 
the  velocity  is  known,  from  the  latter  of  which  a 
definite  value  of  r  or  8  can  be  fixed  upon,  when  the 
other  may  be  then  found,  by  an  operation  of  simple 
division. 

ExAMFiiE  28. — Water  is  to  he  pumped  through  a 
pipe  8000  feet  long  and  2  feet  in  diameter,  vnth 
a  velocity  not  exceeding  4  feet  per  second,  what  head 
must  be  allowed  extra  for  friction  in  the  pipe  when 
calculating  horse  power  ? 

From  the  Table  of  the  values  of  the  velocity  and 
products  of  the  hydraulic  mean  depth  and  hydraulic 
inclination,  given  near  the  conclusion  of  Section  VTII., 
that  for  a  velocity  of  4  feet  per  second  r«= -00142. 
The  diameter  of  the  pipe  is  2  feet,  therefore  r=-5. 
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•001 4.9 

whence  8=      ^  ='00284,  and  as  the  length  of  the 

•5 

pipe  is  3000  feet  we  get  8000  x  '00284  =  8-52  feet, 
the  head  required.  The  Table  p.  29,  would  give  9*6 
feet  nearly,  which  corresponds  with  Du  Bu&t's  for- 
mula. If  the  velocity  in  the  pipe  were  10  feet  instead 
of  4  feet  per   second^  then  from    the    table,   r  « = 

•007676,    and   'li^  .  ='??I^z=-015152,  andthere- 

r  .       '5 

fore,  fe=Z«=SOOO  x  -015152  =  45-456  feet,  or  about 
six  times  as  much  as  when  the  velocity  was  only  4 
feet  per  second.  The  great  loss  of  head  arising  from 
pumping  at  high  velocities,  from  friction  alone,  is 
therefore  apparent.  Were  the  velocity  double,  or  8 
feet  per  second,  the  head  would  be  80  feet  nearly,  or 
from  the  Table,  p.  29,  81*6  feet. 

For  velocities  of  about  2*1  feet  per  second,  v.  is 
equal  to  100  V  r  «,  and  for  velocities  of  about  5  J  feet 

per  second,  v  =  110  \/r«.  If  I  be  the  length  of  a 
pipe,  it  would  be  found  in  the  former  case  that  the 
head,   %,  in  feet  due  to  friction  from  the  formula  is 

*  =  lo;^  =  ^''  ""^  ^  ^^^  ^^^"^  *  =    12400? 

In  questions  of  this  kind,  however,  the  diameter  of 
a  pipe,  d  should  be  used  in  preference  to  the  hydraulic 
mean  depth,  and  as  d  =  4  r  it  will  be  found  in  the 

first  case  that  h  =    okajw  =  i  « ;  and  in  the  second 
If  it  be  necessary  to  substitute  the  fall  per  mile  for 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  27 

the  hydraulic  inclination^  the  first  of  these  will  again 

2-11  17^ 

become  h  =    — -5 —  =  I  8  for  the  loss  per  mile ;  and 

1-72  f^ 
in  the  second  case,  h  =   — ^ —    =  i «  for  the  loss  per 

mile  in  feet. 
If  the  velocity  were  so  slow  as  about  1  foot  per 

second,  then  v  =  90  V  r  8,  and  we  should  find  h  = 

mo  d  -  ^  *• 

If  for  the  inclination  the  fall  per  mile  be  substituted, 

2-61  V- 
this  will  become  h  =  — -3 —  =  I  s;  for  the  loss  per 

mile  in  feet. 

The  loss  of  head  varies  in  the  same  pipe  with  the 
velocity,  and  must  be  calculated  differently,  for  small 
and  for  high  velocities,  when  using  the  common  for- 
mulffi.  The  Tabi^  near  the  end  of  Section  VIII. 
will  always  give  the  correct  value  of  r  8,  and  thence  8 

r« 
""  r 

In  addition  to  the  loss  of  head  arising  from  fiiction, 
losses  also  occur  from  straight  or  curved  bends,  from 
diaphragms,  £rom  junctions,  and  from  the  orifices  of 
entry  and  discharge ;  these  must  be  determined 
separately  for  each  case,  as  is  shown  hereafter,  and 
added  together,  including  the  loss  of  head  arising  from 
friction.  The  sum  must  then  be  added  to  the  height 
the  water  is  to  be  raised,  before  the  full  or  total  head 
for  determining  the  power  of  an  engine  can  be  accu- 
rately known* 

The  Table  on  the  two  following  pages  will  be  found 
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TABLBfnrJbtdiitf,  wtrjf  iMmnb,  tkt  weleeitp  and  diuhmr^^wn  ^tiMiriral  WaUr  Pipei  or  5«iMrr 
whmt  the  diawttUr  attd  fall  mrt  given.  Ait^  ttco  of  the  four  quantitia^  the  vriorUy,  ditehatge 
diameter,  and  fall  or  ineUnatUm,  Mm  giten,  the  oihere  eon  befmnd  in  tbs  r^Bhrnfrom  ' 
tian.    SbbTablbXUL 
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of  great  practical  utility  in  solving  all  questions  con- 
nected with  water-pipes  and  sewers  discharging  fully- 
diluted  sewage.  In  using  it,  interpolate,  by  inspection, 
for  intermediate  diameters  or  inclinations.  For  greater 
diameters,  divide  those  given  by  4,  and  multiply  the 
corresponding  velocity  found  in  the  table  by  2,  and 
the  corresponding  discharge  in  the  table  by  82.  If 
the  object  be  to  find  the  size  of  the  channel,  divide 
greater  given  velocities  by  2,  and  multiply  the  diameters 
or  inclinations  found  from  the  table  by  4 ;  also  divide 
greater  discharges  by  82,  and  multiply  the  diameters 
found  from  the  table  by  4.  The  smaU  auxiliary  table, 
p.  29,  embodied  in  the  larger  one,  is  of  great  use  in 
making  allowance  for  the  velocity  and  orifice  of  entry 
in  short  pipes,  before  finding  the  head  due  to  friction. 
The  table  also  gives  the  different  diameters  and  incli- 
nations which,  taken  together,  give  the  same  velocity 
or  discharge;  and  it  enables,  from  inspection,  to 
select  that  relation  of  diameter  to  declivity  which  is 
best  suited  for  other  engineering  aspects  of  the  ques- 
tion. Taken  in  connexion  with  Tables  VIII.,  XI., 
XII.,  and  XIII.,  this  table  completes  the  means  of 
finding,  by  inspection,  the  dimensions,  inclinations, 
velocities,  and  discharges  of  every  class  of  water- 
channel  or  sewage-conduit  required  in  engineering 
practice. 

Table  XIV.  gives  the  comparative  values  of  English 
and  French  measures;  and  Table  XV.  gives  the 
weight,  specific  gravity,  and  ultimate  strength  and 
elasticity  of  various  materials  with  which  the  engineer 
has  to  operate. 
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SECTION  IL 

FOBMULJS  FOR  THE  VELOCITY,  AND  DISCHARGE,  FROM 
ORIFICES,  WEIRS,  AND  NOTCHES.^-COEFFICIENTS  OF 
VELOCITY,  CONTRACTION  AND  DISCHARGE. — ^PRAC- 
TICAL  REMARKS  ON  THE  USE  OF  THE  FORMULA. 

The  quantity  of  water  discharged  in  a  given  time 
throngh  an  aperture  of  a  given  area  in  the  side  or 
bottom  of  a  vessel,  is  modified  by  different  circmn- 
stances,  and  varies,  more  or  less  with  the  form,  posi- 
tion, and  depth  of  the  orifice ;  bat  the  discharge  may 
be  easily  found,  when  the  velocity  and  the  contraction 
of  the  fluid  vein  has  been  determined. 

VELOCITY. 

If  g  be  the  velocity  acquired  by  a  heavy  body  falling 
firom  a  state  of  rest  for  one  second,  in  vacuo^  then 
it  has  been  shown  by  writers  on  mechanics,  that  the 
velocity  v  per  second  acquired  by  falling  firom  a  height 
&,  will  be 

(1.)  V  =  V  2gh. 

The  numerical  value  of  g  varies  with  the  latitude; 
then  it  shaU  be  assumed  that  2  g  =  772*84  inches 
=  64*408  feet.     These  will  give  for  measures  in  inches, 

V  =  27-8  V  fc,»  and  A  =  fj^^  =  •001293t;3^ 
and  for  measures  in  feet, 

*  Tbe  velocities  for  different  heights  an  giTen  in  column  number  1, 


82 


THE  DISCHARGE  OF  WATER  PROM 


V  =  8-025  y/h,  and  A  = 


..s 


64-403 
If  v  be  in  feet,  and  h  in  inches,  then 


=  -01553  v\ 


V  =  2-317  y/h,  and  h  = 


V 


» 


5-367 


=  -1864  v^* 


COEFFICIENT   OF   VELOCITY. 


Let  the  vessel  a  b  c  d,  Fig.  1,  be  filled  with  water 
to  the  level  e  f  :  then  it  has  been  found,  by  experi- 


ment, that  the  velocity  of  discharge  through  a  small 
orifice  o,  in  a  thin  plate,  at  the  distance  of  half  the 
diameter  outside  it,  in  the  vena-contracta,  will  be  very 
nearly  that  due  to  a  heavy  body  falling  fireely  from  the 
height  h,  of  the  surface  of  the  water  e  f,  above  the 

*  The  force  of  gravity  increases  with  the  latitude,  and  decreases 
with  the  altitude  above  the  level  of  the  sea,  but  not  to  any  consider- 
able extent.  If  X  be  the  latitude,  and  h  the  altitude,  in  feet,  above 
the  mean  sea  level,  then  it  may  be  generally  taken  that 

g  =  32-17  (1  —  -0029  cos  2a)  x   /'  1  _?^^ 

in  which  B,  the  radius  of  the  earth  at  the  given  latitude  is  equal  to 

20887600  (1  +  -0016  cos  2X). 
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centre  of   the   orifice.      The  velocity  of   discharge 

determined  by  the  equation  v  =  \/2  g  h,  for  falling 
bodies,  is,  therefore,  called  the  "  theoretical  velocity" 
If  r^  be  now  put  for  the  actual  mean  velocity  of  dis- 
charge in  the  vena'Contracta,  and  c^  for  its  ratio  to 
the  theoretical  velocity  r,  we  shall  get  r^  =  c^v;  and 
by  substituting  for  r,  its  value  V2  g  h, 

(2.)  Va  =  c^  V'Agh, 

c^  is  termed  "  the  coefficient  of  velocity ;"  its  numerical 
value,  at  about  half  the  diameter  from  the  orifice,  is 
about  '974 ;  and,  consequently, 

v^  =  -974  's/^gh. 
This  for  measures  in  inches  becomes 

v^  =  27-077  V^,* 
and  for  measures  in  feet 

v^  =  7-816  VhT 
The  orifice  o,  is  termed  an  horizontal  orifice  in  Fig.  1, 

f  The  velocities  for  different  heights  calculated  from  tliis  formulie 
an  given  in  the  column  numbered  2,  Table  II.  It  has  been  latterly 
asserted  in  a  Bltta  Book  that  theoretically  Va  s  }  ^Ygh.  It  is  not 
necessary  here  to  combat  this  error,  which  confounds  the  discharge 
with  its  velocity,  and  a  single  practical  fact,  applicable  only  to  a  thin 
plate,  with  a  theoretical  principle.  The  experimental  discharge  ap- 
proshnates  to  i  V  2gh  multiplied  by  the  area  of  the  orifice ;  but  the 
theoretical  velocity  ^  2gh  always  approximates  to  the  experimental 
velocity,  or  -974  ^~2g\  obtained  immediately  outside  the  orifice  in 
the  venorcffntrada.  It  would  be  unnecessary  to  allude  to  this  theory 
here  if  it  were  not  supported  and  put  forward  by  three  engineers  whose 
authority  in  practical  questions  may  mialesd  others.  Vide  p.  4  of 
"  Brief  observations  of  Messrs.  Bidder,  HawksUy,  and  Bazalgette  on 
the  answers  of  the  OovemnuTU  Re/ereea  on  the  Metropolitan  Main 
Deaihaoi^  ordered  by  the  House  of  Commons  to  be  printed  13th  July, 
1868." 


34 


THE  DISCHARGE  OP  WATER  FROM 


and  in  Fig.  2  a  vertical  or  lateral  orifice.  When 
small,  each  is  found  to  have  practically  the  same 
velocity  of  discharge,  when  the  centres  of  the  con- 
tracted sections  are  at  the  same  depth,  %,  below  the 
surface ;  but  when  lateral  orifices  are  large,  or  rather 
deep,  the  velocity  at  the  centre  is  not,  even  prac- 
tically, the  mean  velocity;  and  in  thick  plates  and 
modified  forms  of  adjutage,  the  mean  velocities  are 
found  to  vary. 

VENA-CONTRACTA  AND   CONTRACTION. 

It  has  been  found  that  the  diameter  of  a  column 
issuing  from  a  circular  orifice  in  a  thin  plate,  is  con- 
tracted to  very  nearly  eight-tenths  of  the  whole 
diameter  at  the  distance  of  the  radius  from  it,  and 
that  at  this  distance  the  contraction  is  greatest.  The 
ratio  of  the  diameter  of  the  orifice  to  that  of  the  con- 
tracted vein,  vena-contracta,  is  not  always  found 
constant  by  the  same  or  different  experimentalists. 

•an     J  *"^<^>  therefore,  that  of  the  1  ,^rt» 
^*^'   i  areas  as  1  :  /  '"' 
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Bayer's  value  for  the  contraction  has  been  deter- 
mined on  the  hypothesis,  that  the  velocities  of  the 
particles  of  water  as  they  approach  the  orifice  from 
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all  sides,  are  mverselj  as  the  squares  of  their  distances 
from  its  centre;  and  the  calculations  made  of  the 
discharge  from  circular,  square,  and  rectangular 
orifices,  on  this  hypothesis,  coincide  pretty  closely 
with  experiments. 

APPBOXIUA.TG    FOBH   OP   THE   CONTRACTED    VEIN. 

Let  oji  =  d,  Fig.  3,  be  the  diameter  of  an  orifice  ; 
then  at  the  distance  r  <  =  —  the  contraction  is  found 

to  be  greatest;  assuming  that  the  contracted  diameter 
or  =  '7854  d.  Suppose  the  fluid  column  between 
0  B  and  o  r  to  be  BO  reduced,  that  the  curve  lines  r  r 
and  o  0  shall  become  arcs  of  circles,  then  it  is  easy  to 
show  &om  the  pro- 
perties of  the  circle, 
that  the  radius  c  r 
most  1>e  equal  to 
1-22  d.  The  mean 
veloci^  in  the  ori- 
fice, o  B,  is  to  that 
in  the  vena-con- 
tmcta,  o  r,  as  '617  : 
1 ;  and  the  month  piece,  r  r  o  o,  Fig.  4,  in  which 
op  =  ^  0  R,  and  or  =  '7854  X  o  a,  will  give  for  the 
Telocil^  of  discharge  at  o  r,  the  vena-contracta, 

U  =  '974  VTsX  =  7-816  ^IT, 
in  feet  very  nearly.*    In  speaking  of  the  velocity  of 

■  CoiTMtlytliectirTegOoKndRr  EhoQldperliBpiliAT«  thelineOR 
contumed,  for  theii  common  tangent.  No  practically  useful  Teaqlt 
wmld,  bowevei,  foUow  from  a  more  accurate  coDStractioQ  than  ii  hen 
pna,  Rniming  a  Cle  round  the  am  0,  B,  will  effect  the  abject  better 
tban  ■  conplax  conatmctioi]. 
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discharge  from   orifices  in    thin   plates,  we    always 

assume  it  to  be  the 
velocity  in  the  vena- 
contracta,  and  not 
that  in  the  orifice 
itself,  which  varies 
with  the  coefficient 
of  discharge,  un- 
less in  Table  II.,  where  the  mean  velocity  in  the 
latter,  as  representing  c^  \/  2  g  h,  is  also  given. 


COEFFICIENTS    OF    CONTBACTION   AND    OF   DISCHARGE. 

Put  A  for  the  area  of  the  orifice  o  R,  Fig.  3,  and 
Co  X  A  for  that  of  the  contracted  section  at  o  r,  then  Cc 
is  called  the  ''coefficient  of  contraction^*  The  velocity 
of  discharge  v^  is  equal  to  c^  ^  2  g  h,  equation  (2). 
Multiply  this  by  the  area  of  the  contracted  section 
c.  X  A,  and  there  is  found  for  the  discharge 

D  =  c^  X  Co  X  A  ^  2g  h. 
It  is  evident  a  V  2gh  would  be  the  discharge  if  there 
were  no  contraction  and  no  change  of  velocity  due  to 
the  height,  fe ;  c^  x  Co  is  therefore  equal  to  the  co- 
efficient of  discharge.    Call  the  latter  Cd,  and  there 
results  the  equation 
(3.)                              c    =  c^  X  Co, 
and  hence  the  ''coefficient  of   discharge''  is  equal 
to  the  product  of  the  coefficients  of  velocity  and  con- 
traction,  

The  expression  c^  c^  ^  2g  h  =  c^  V  2  jfc  repre- 
sents the  mean  velocity  in  the  orifice ;  the  coefficient 
for  this  is,  therefore,  equal  to  Cd..     The  values  of  the 
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velocity   c^  V  'I  g  h,  for  different  heights  and  co- 
efficients, are  given  in  Table  II. 

In  the  foregoing  expression  for  the  discharge  n,  h 
most  be  so  taken,  that  the  velocity  at  that  depth  shall 
be  the  mean  velocity  in  the  orifice  A.  In  full  prismatic 
tubes  the  coefficients  of  velodiy  and  discharge  are  equal 
to  each  other. 


MEAN  AND  CENTRAL  VELOCITY. 

In  order  to  find  the  mean  velocity  of  discharge 

from  an  orifice,  it  is,  in  the  first  instance,  necessary 

to  determine  the  velocity  due  to  each  point  in  its 

surface,  and  the  discharge  itself;    after  which,  the 

mean  velocity  is  found  by  simply  dividing  the  area  of 

the  orifice  into  the  discharge.     The  velocity  due  to 

the  height  of  water  at  the  centre  of  a  circular,  square, 

or  rectangular  orifice,  is  not  strictly  the  mean  velocity, 

nor  is  the  latter  in  these,  or  other  figures,  that  at  the 

centre  of  gravity.    When,  however,  an  orifice  is  small 

in  proportion  to  its  depth  in  the  water,  the  velocity 

of  efflux  determined  for  the  centre  approaches  very 

closely  to  the  mean  velocity ;  and,  indeed,  at  depths 

exceeding  four  times  the  depth  of  the  orifice,  the  error 

in  assuming  the  mean  velocity  to  be  that  at  the  centre 

of  the  orifice  is  so  small  as  to  be  of  little  or  no  prac* 

tical  consequence,   and    for  lesser  depths   it  never 

exceeds  six  per  cent.    It  is,  thereforci  for  greater 

simplicity,  the  practice  to  determine  the  velocity  from 

the  depth  h  of  the  centre  of  the  orifice,  unless  in  weirs 

or  notches;    and  the  coefficients  of  discharge  and 

Felocity  in  the  following  pages  have  been  calculated 
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from  experiments  on  this  assumption,  miless  it  shall 
be  otherwise  stated. 

DISCHABGES    THROUGH   ORIFICES   OF   DIFFERENT  F0BH8 

IN    THIN   PLATES. 

The  orifices  which  the  engineer  has  to  deal  with  in 
practice  are  square,  rectangular,  or  circular;  and 
sometimes,  perhaps,  triangular  or  quadrangular  in 
form.  It  will  be  necessary  to  give  here  only  the 
theoretical  expressions  for  the  discharge  and  velocity 
for  each  kind  of  form,  but  as  the  demonstrations  are 
unsTiited  to  the  purposes  of  this  work  they  shall  be 
omitted. 


TRAPEZOIDAL    ORIFICES  WITH    TWO  HORIZONTAL    SIDES. 

Put  d  ioT  the  vertical  depth  of  an  orifice,  h^  for  the 
altitude  of  pressure  at  top,  above  the  upper  side,  and 
h^  for  the  altitude  at  bottom,  above  the  lower  side, 
then 

h\i  "^  hx  ^^  d* 


-rr-srjnrir" 


Ficr.5 


K    ^< 


Let  also  the  top  or  upper  side  of  the  orifice  a  or  c. 
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Fig.  6,  be  represented  by  Zt,  and  the  lower  or  bottom 

side  by  i^,  and  put  — -^ —  =  L 

Now,  when  Z*  =  Zb>  the  trapezoid  becomes  a  paral- 
lelogram whose  length  is  I  and  depth  d ;  and  putting 
h  for  the  depth  to  the  centre  of  gravity,  there  exists 
the  equation 

The  general  expression  for  the  discharge,  d,  through 
a  trapezoidal  orifice,  a,  is  then 

(4.)  D  =  c^V27x|{i,H-U+|(^-«^X^}' 

in  which  c^  is  the  coefficient  of  discharge ;  and  when 
the  smaller  side  is  uppermost  as  at  c. 


(5.)  D  =  c^ V2 (/  X  ||v4  -  m  -  I(^-W^^y^}- 

PASALLELOGSAMIC  AND  KECTANGULAB   OBIFIGES. 

When  Zj  =  lb  =  Z,  the  orifice  becomes  a  parallelo* 
gram>  or  a  rectangle,  b,  and  then  the  discharge  is 

(6.)  D  =  Ca  V2flf  X  ll[hl-h%\. 

NOTCHES. 

When  the  upper  sides  of  the  orifices  a,  b,  and  c, 
rise  to  the  surface  as  at  a^,  Bq,  and  Cq,  At  becomes 
nothing,  and  then,  as  ^  =  <Z,  for  the  trapezoidal 
notch  Ao  with  the  larger  side  up, 

(7.)    D  =  CdV27xid*|Zb+*^(Zt-Zb)| 

=  ~Cd\/27d*(2Zt  +  3ZJ. 
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Also  for  the  trapezoidal  notch,  Co,  with  the  smaller 
side  up, 

(8.)    D  =  CdV27x|£p|z^-j(Z,-Z,)} 

which  is  the  same  in  form,  hut  not  in  value,  as  the 
preceding  equation.  And  for  a  parallelogramic  or 
rectangular  notch  Bq, 

(9.)         D  =  CdV2^  X  \lS=^\c^lJ^s/~2i. 

v  3  3 

It  is  easy  to  perceive  that  the  forms  of  equations  (4) 
and  (5),  and  also  of  equations  (7)  and  (8),  are  iden- 
tical. The  values  for  the  discharge  in  equations  (6) 
and  (9)  are  equally  applicable,  whether  the  form  of 
the  orifice  be  a  parallelogram  or  a  rectangle,  the  only 
difference  being  in  the  value  of  the  coefficient  of 
discharge,  c^,  which  becomes  only  slightly  modified 
for  any  form  of  orifice,  and  may  be  taken  at  *617  when 
it  is  in  a  thin  plate  for  each. 

TRIANGULAR  ORIFICES  WITH  HORIZONTAL  BASES,  AND 
RECTILINEAIi   ORIFICES   IN   GENERAL. 

When  the  length  of  the  lower  side,  ?b  =  0,  the 
orifice  becomes  a  triangle,  n,  Fig.  6,  with  the  base 
upwards. 
In  this  case,  equation  (4)  becomes 

(10.)    D  =  ca\^x  lZ,|i  X  ^^IlJ-A't 

which  gives  the  discharge  through  the  triangular 
orifice,  d. 
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When  Z^  =  0,  in  equation  (5),  the  orifice  becomes  a 
triangle,  ?,  ^ith  the  base  downwards;  in  this  case^ 
the  Talue  of  the  discharge  is 

(11.)    D  =  ca  \^27  X  \  iShl  -  I  X  ^IZA 

As  an}'  triangolar  orifice  whatever  can  be  divided 
into  two  others  by  a  line  of  division  through  one  of 
the  angles  parallel  to  the  horizon ;  and  as  the  dis- 
charge firom  the  triangular  orifice  b  or  f  is  the  same 
as  for  any  other  on  the  same  base  and  between  the 
same  parallels^  by  such  a  division,  the  discharge  from 


any  triangle  not  having  one  side  parallel  to  the 
horizon  can  easily  be  found,  and  thence  the  discharge 
from  any  rectilineal  figure  whatever  by  dividing  it 
into  triangles. 

If  the  triangle  f  be  raised  so  that  the  base  shall  be 
on  the  same  level  with  the  upper  side  of  the  trian* 
golar  orifice  d  ;  if,  also,  the  bases  be  equal,  and  also 
the  depths,  by  adding  equations  (10)  and  (11),  and 
making  the  necessary  changes  indicated  by  the  diagram, 
there  is  found 
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(12.)    D  =  fdV27xi^{A|+/'!-2xAH:dl^} 

for  the  discharge  from  a  parallelogram  £  with  one 
diagonal  horizontal.  Now  this  is  the  same  as  the 
discharge  from  any  quadrilateral  figurej  whatever, 
having  the  same  horizontal  diagonal,  and  also  having 
the  upper  and  lower  angles  on  the  same  parallels,  or 
at  the  same  depths,  as  those  of  the  parallelogram.  If 
the  orifices  d,  f,  and  e  rise  to  the  surface  of  the  water, 
as  at  Do>  Ko>  Fo>  then  for  the  discharge  from  the  notch 
Do  there  results 

(18.)  D  =  caVT^x  Ji.*'; 

which  for  a  right  angled  triangle  becomes 

For  the  discharge  from  the  notch  Fq, 
(14.)  D  =  Cd  \/"27  X  J  ib  <i   • 

♦  In  the  Civil  Engmeer  and  Architects'  Journal,  1858,  p.  370,  it  is 
stated  that  Professor  Thomson,  now  of  the  University  of  ^Glasgow, 
gave  at  the  British  Association  in  Leeds  for  a  right  angled  triangle,  for 
dischaiges  of  from  2  to  10  cubic  feet  per  minute,  the  ezpreasion  <)  « 

-317  hI,  in  which  q  is  the  quantity  in  cubic  feet  per  minute,  and  h 
the  head  in  inches.     Now  the  above  equation  for  a  coefficient  of  -617 

becomes,  for  inch  measures,  d  «  17*153  x  ft  di  =  9-16  d« ;  or  by 
multiplying  by  60,  and  dividing  by  1728,  to  reduce  the  discharge  to 

feet  per  minute,  D  ^  '317  <i^ ,  identically  the  same  as  Professor  Thom- 
son derived  from  lus  experiments.  All  sections  of  a  triangular  notch 
are  similar  triangles,  and  hence  the  advantage  of  a  triangular-notch- 
gauge,  where  it  can  be  used,  as,  probably,  the  coefficient  remains  con- 
stant throughout.  Professor  Thomson  first  drew  attention  to  this. 
But  the  coefficient  '617  gives  practically  correct  results  for  all  form.^ 
of  arifieea  in  thin  plaUe, 
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and  for  the  discharge  through  the  notch  Eq, 

(15.)  D  =  Cd\^x  ^{h\  -  2rfi}  =  Cd  v^x-9762Zdl- 

When  the  parallelogram  Eo  becomes  a  square  Z  =  2  c?, 
tod  hence^ 

(16.)  D  =  Cd  \/%  X  -9762^  X  Vf  =Cd  s/^  x  -84478 1\ 
The  foregoing  equations  enables  the  engineer  to^ 
find  an  expression  for  the  discharge  from  any  recti- 
lineal orifice  whatever;  as  it  can  be  divided  into 
triangles^  the  discharge  from  each  of  which  can  be 
determined  as  akeady  shown  in  the  remark  foUowing 
equation  (11.)  The  examples  which  are  given  wiU  be 
found  to  comprehend  every  form  of  rectilineal  orifice 
which  occurs  in  practice ;  but  for  the  greater  number 
of  orifices,  sunk  to  any  depth  below  the  surface,  the 
discharge  will  be  found  with  sufficient  accuracy  by 
multiplying  the  area  by  the  velocity  due  to  the 
centre  of  gravity. 

dBCULAB  AND  SEMXCmCULAB  ORIFICES. 

The  discharge  through  circular  and   semicircular 
orifices  in  thin  plates  can  only  be  represented  by 


means  of  infinite  series.     Bepresent  by  Si  the  sum 
of  the  series 
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\2      4      6      8     10    12A«      *      6      8//l^  i 

Also  represent  by  s^  the  sum  of  the  series 

+  fi.i.l.l.lYi.i.l)j;;4.&c.l: 

^\a      4      6      8     10A»      6      7/fe5  J 

then  the  discharge  from  the  semicircle  g,  Fig.  7,  with 

the  diameter  upwards  and  horizontal,  is 

(17.)        D  =  Cd  ^/  2gh  X  3-1416  r»  (si  +  s^). 

And  the  discharge  from  the  semicircle  i,  with  the 

diameter  downwards  and  horizontal  is, 

(18.)        B  =  Cd  V2flr  A  X  8*1416  r»  (si  -  fij). 

If  A  be  put  for  the  area,  then  also  for  the  discharge 

from  a  circle  h, 

(19.)  J>  =  c^  \/  2  g  h  X  2  A  «i. 

In  each  of  these  three  equations  (17),  (18),  and  (19), 
A  is  the  depth  of  the  centre  of  the  circumference 
below  the  surface,  and  r  the  radius. 

When  the  orifices  rise  to  the  surface,  then  for  the 
discharge  from  a  semicircular  notch  Gq,  with  the 
diameter  horizontal  and  at  the  surface, 

(20.)  D  =  Cd  \/2gr  x  -9586  f^  =  c^  s/2gr  x  '6103 a  ; 
when  the  circumference  of  the  semicircle  is  at  the 
surface,  and  the  diameter  horizontal,  as  at  x^, 

(21.)  D=Ca\/2gr  x  J(Vi28-7)r»=Cd  V^x  •7824  a; 

when  the  horizontal  diameter  of  the  semicircle  is 
uppermost,  and  at  the  depth  r  below  the  surface, 

(22.)  D  =Cd  n/2^x  1-8667 r»  =  c^  V2^x  1-1884  a; 
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and  when  the  circumference  of  the  entire  circle  is  at 
the  sorfiEice,  as  at  Ho, 

(23.)  i>=c^y/2grxS'0nir^=c^V2gr  x  •9604a. 

If  it  be  desirable  to  reduce  equations  (20),  (21),  and 
(22),  to  others  in  which  the  depth  h  of  the  centre  of 
gravity  from  the  surface  is  contained,  it  is  only  neces- 

saiy  to  substitute  for  r  in  equation  (20),  and 

then  the  discharge  from  a  semicircle  with  the  diameter 

at  the  surface  is 

(24.)  D  =  Cd  VYgT  X  -0867  a. 

Also,  by  substituting  ^  for  r  in  equation  (21), 

the  discharge  from  a  semicircle  when  the  circum- 
ference is  at  the  surface  and  the  diameter  horizontal 
is 

(25.)  D  =  Cd  V2gh  x  '9653  a  ; 

and  when  the  horizontal  diameter  is  uppermost,  and 

at  the  depth  r  below  the  surface  r  =    ^  ,^,^     and 

1*4244 

(26.)  D  =  Cd  V2gh  x  -9957  a. 

As  A  stands  for  the  area  of  the  particular  orifice  in 
each  of  the  preceding  expressions  for  the  discharge,  it 
must  be  taken  of  double  the  value,  in  equation  (28) 
for  instance,  where  it  stands  for  the  area  of  a  circle, 
that  it  is  in  equations  (20),  (21),  or  (23),  where  it 
represents  only  the  area  of  a  semicircle. 

DIFFERENCE   OP   "MEAN  VELOCITIES."      HOW  MUCH. 

The  mean  velocity  is  easily  found  by  dividing  the 
aiea  into  the  discharge   per  second  given    in    the 
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preceding  equations.  For  instance,  the  mean  Telocity 
in  the  example  represented  in  equation  (9),  is  equal 

3  Cd  s/  2  g  d,  which  is  had  by  dividing  the  area  I  d 

into  the  discharge ;    and  in  like  manner  the  mean 

velocity  in  equation  (23)  is  '9604  c^.  V  2g  r.  The 
velocity  at  the  centre  of  an  orifice  is  that  generally 
taken  by  practical  men.  This  differs  very  little  from 
the  other  five  circular  and  rectangular  forms.  Even 
for  notches  at  the  surface  it  is  only  in  excess  by  from 
four  to  six  per  cent. 

PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM  CIRCULAR 

ORIFICES. 

It  has  been  shown,  equation  (19),  that,  for   the 
discharge  from  a  circle,  we  have 

D  =  Cd  V  2flf  A    X   2  A  8i, 

in  which  h  is  the  depth  of  the  centre,  a  the  area, 
and  8i  the  sum  of  the  series 

and  it  has  also  been  shown,  equation  (23),  that,  when 
the  circumference  touches  the  surface,  this  value 
becomes 

D  =  Cd  V"277  X  -9604  A. 
Now  when  h  is  very  large  compared  with  r,  it  is  easy 
to  perceive  that  2  «i  =  1,  and  hence 

(27.)  D  =  Cd  V2gh  x  a. 

As  this  is  the  formula  commonly  used  for  finding  the 
discharge,  it  is  clear,  if  the  coefficient  c^  remain  con- 
stant, that  the  result  obtained  from  it  for  d  would  be 
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too  large.  The  dfeerences,  however,  for  depths 
greater  than  three  times  the  diameter,  or  6r,  are 
practically  of  no  importance ;  for,  by  calculating  the 
yalaes  of  the  discharge  at  different  depths,  it  is  found, 
when 

ih  =  r,   that  d  =  Ca  \/  2gh  x  '960  a  ; 
h  =  -^,  „    D  =  Cd  Vlfgrh  X  -978  a  ; 

4 

A  =  J?:,  „    D  =  Cd  V2gh  x  "985  a ; 


(28.) 


ft=_Z!i,  „    D  =  c^\/2ghx  -989  a  ; 

4 


A  =  2  r,  „  D  =  Cd  V  2g  h  X  "992  a ; 

A  =  8  r,  „  D  =  Cd  V  2gh  x  -996  a; 

A  =  4  r,  „  D  =  Cd  V  2gh  x  '998  a  ; 

A  =  6  r,  „  D  =  Cd  s/  2gh  x  '9987  a; 

^  A  =  6  r,  „  D  =  Cd  V^2yA  x  -9991  a. 

These  results  show  very  clearly  that,  for  circular 
orifices,  the  common  expression  for  the  discharge 
Cd  V  2^  A  X  A  is  abuBdantly  correct  for  all  depths 
exceeding  three  times  the  diameter,  and  that  for  lesser 
depths  the  extreme  error  cannot  exceed  four  per  cent. 
in  reduction  of  the  quantity  found  by  this  formula. 
Hereafter,  when  discussing  the  value  of  Cd,  it  will  be 
shown  that  from  the  sinkiug  of  the  surface,  and  perhaps 
other  causes,  the  discharge  at  lesser  depths  is  even 

larger  than  that  exhibited  by  the  expression  c^  V  2gh 
X  A,  the  value  of  the  coefficient  of  discharge,  c^,  being 
found  to  increase  near  the  surface  as  the  depths  A  de- 
crease.   In  fact,  the  sides  and  length  of  the  orifice,  the 
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rounding  of  the  arrises,  and  the  depth  and  position  witii 
reference  to  the  sides  of  the  vessel,  and  surface  of  the 
water,  are  of  far  greater  practical  importance  than  ex- 
treme a^icuracy  in  the  mathematical  formuiUe,  which  when 
complex  may  be  of  little  or  no  practical  value. 

PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM 
RECTANGULAR  ORIFICES. 

It  has  been  shown^  equation  (6),  that  the  discharge 
from  rectangular  orifices,  with  two  sides  parallel  to 
the  horizon  or  surface  of  the  water,  is  expressed  by 
the  equation 

D  =  Cd  X  I  VT^  X  I  {hi-  hi}, 

in  which  I  is  the  horizontal  length  of  the  orifice,  %b  the 
depth  of  water  on  the  lower,  and  h^  the  depth  on  the 
upper,  side.  As  it  is  desirable  in  practice  to  change 
this  form  into  a  more  simple  one,  in  which  the  height 
h  of  the  centre  and  depth  d  of  the  orifice  only  shall  be 

d                         d 
included,  then  h^  =  h  -{•  -  and  h^=h .     By  sub- 

2  2 

stituting  these  values  of  h^  and  h^  in  the  foregoing 
equations,  and  developing  the  result  into  a  series,  the 
terms  of  which,  after  the  third,  may  be  neglected,  and 
putting  A  for  the  area  I  d,  there  results 

(29.)     D=fd  V'lg  n  X  a  1 1  —  gg^  |  very  nearly. 

Therefore  for  the  accurate  theoretictd  discharge 

30.)     J>  =  ra%/2ghx^JLV       ^  ^      ^       ^^ 


3 


(  dh^ 
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for  the  approximate  discharge 

and  for  the  discharge  by  the  common  formula 

D  =  Cd  *>/  2g  h  X  A. 

TVhen  the  head  (h)  is  large  compared  with  (d),  the 
height  of  the  orifice,  each  of  the  three  last  equations 
gives  the  same  value  for  the  discharge ;   but  as  the 

common  expression  c^  \/  2gh  x  a  is  the  most  simple ; 
and  as  the  greatest  possible  error  in  using  it  for  lesser 
depths  does  not  exceed  six  per  cent.,  viz.  when  the 
orifice  rises  to  the  surface  and  becomes  a  notch,  it  is 
evidently  that  formula  best  suited  for  practical  pur- 
poses. The  following  table  and  equations  will  show 
more  clearly  the  differences  in  the  results  as  obtained 
from  the  true,  the  approximate,  and  the  cornmonformvlce, 
applied  to  ''  lesser  "  heads ;  and  they  will  also  explain, 
to  some  extent,  why  ''  coefficients  "  determined  from 
the  common  formula,  and  that  used  by  Poncelet  and 
Lesbros,  should  decrease  as  the  orifice  approaches  the 
surface. 

12  8 

h=:-,      D=CdV2^x  •9428a.    D=rd  V2flr*x*9588A. 

hd 
,  ''~'"q~>    99     99       9  9   X  •9o93a.    ,,     „       ,,   X  •9788 A. 

1=^,   „     „       „   x^9796a.    „     „       „   X -9815 A. 

fc=^,  „  „   „  X  •9854a.  „  „   „  X -9864  A. 
L) ;  h=  d     „  „   „  X  •9890a.  „  „   „  x  ^9896  a. 


I  •* *•    99  99  »  ^     vvvvxi..   ,,    „      „ 

\ 
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(81.) 


Zd 


h=-2,   D=CaV^X-9953A.    i>=c^V2ghX'995iA. 
h=2  d, 


,     bd 

h=9d, 
,     7d 


h=4d, 
\kxlOd, 


ff 


99 


99 


>> 


99 


99 


X  •9974a. 
X  •9988a. 
X  •9988a. 
X •9991a. 


'9974  a. 
•9988  A. 
•9988  a. 
•9991a. 


X 
X 


•9994  a. 
•9999  a. 


X  •9994a. 
X  •9999a. 

In  the  foregoing  Table  the  first  column  contains  the 
head  at  the  centre  of  the  orifice  expressed  in  parts  of 
its  height  d;  the  second  contains  the  values  of  the 
discharges  according  to  equation  (80) ;  and  the  third 
column  contains  the  approximate  values  determined 
from  equation  (29)>  the  results  in  which  are  something 
larger  than  those  in  column  2,  derived  from  the  cor- 
rect formula.  The  numerical  coefficients  of  a,  at 
every  depth,  are  less  in  both  than  unity,  the  constant 
coefficient  according  to  the  common  formula.  This 
latter,  therefore  (as  in  circular  orifices),  gives  results 
exceeding  the  true  ones,  but  the  excess  is  inappreciable 
at  greater  depths  than  /t  =  8  (2,  and  for  lesser  depths 
than  this  the  error  cannot  exceed  six  per  cent.  It 
may  be  useful  to  remark  here,  that  when  the  orifice 
rises  to  the  surface  and  becomes  a  notch,  the  '^  centre 
of  mean  velocity  "  is  at  four-ninths  of  the  depth,  and  the 
centre  of  gravity  at  two-thirds  of  the  depth  from  the  sur- 
face.    The  former  fraction  is  the  square  of  the  latter. 
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SECTION  III. 

EXFERDCENTAIi  RESULTS  AND  FORMULA. — COEFFICIENTS 
OP  DISCHARGE   FOR   ORIFICES   AND   NOTCHES. 

Heretofore  the  numerical  values  of  the  general 
<;oe£Scient  of  discharge  c^  have  been  only  dwelt  upon 
partially.  In  order  to  determine  its  value  under 
different  circumstances  more  particularly,  it  will  be 
now  necessary  to  consider  some  of  the  experiments 
which  have  been  made  from  time  to  time.  These  do 
not  always  give  the  same  results,  even  when  conducted 
under  the  same  circumstances  and  by  the  same  parties, 
and  there  appears  to  exist  a  certain  amount  of  error, 
more  or  less,  inseparable  from  the  subject.  The 
experiments  with  orifices  in  thin  plates  afford  the 
most  consistent  results ;  but  even  here  the  differences 
•are  sometimes  greater  than  might  be  expected.  In 
many  of  the  earlier  experiments,  the  value  of  the 
coefficient  c^  comes  out  too  large,  which  aiises,  very 
probably,  from  the  orifices  experimented  with  not 
being  in  thin  plates,  and  partaking,  more  or  less,  of 
the  nature  of  short  tubes  or  mouth-pieces  with 
rounded  arrises,  which,  as  it  shall  be  seen,  give  larger 
coefficients  than  simple  orifices.  When  an  orifice  is 
in  the  bottom  of  a  vessel,  it  would  appear  more  correct 
to  measure  the  head  from  the  surface  to  the  vena- 
contracta  than  from  the  surface  to  the  orifice  itself; 
and  as  any  error  in  measuring  the  head  in  any  experi- 
ment must  affect  the  value  of  the  coefficient  derived 
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from  such  experiment,  so  as  to  increase  it  when  the- 
error  is  to  make  the  head  less,  and  vice  versd,  it 
appears  that  heads  measured  to  an  orifice  in  the 
hottom  of  a  vessel,  and  not  to  the  vena-contracta,, 
must  give  larger  coefficients  from  the  experimental 
results  than,  perhaps,  the  true  ones.  The  coefficients- 
in  the  following  pages  have  heen  almost  all  arranged 
and  calculated,  by  the  author,  from  the  original  experi- 
ments. 

In  1789  Dr,  Bryan  Eobinson  made  some  experi- 
ments  on  the  discharge  thi*ough  small  circular  orifices, 
from  one-tenth  to  eight-tenths  of  an  inch  in  diameter^ 
with  heads  of  two  and  four  feet,*  which  give  the 
following  coefficients. 

COEFFICIENTS  FROM  DR.  B.  ROBINSON'S   F.XPERIMEMTS. 


Heads. 

diametor. 

A  inch 
diameter. 

y»5  inch 
duuneter. 

/oinch 
diameter. 

2  feet  head 
4  feet  head 

•768 
•768 

•767 

•774 

•761 
•765 

•728 
•742 

These  results  are  pretty  uniform,  and  the  Yalae» 
from  which  they  are  derived  are  said  to  be  "  means 
taken  from  five  or  six  experiments ;  "  .as  values  oF 
Q  they  are,  however,  too  high.  The  apparatus  made 
use  of  is  not  described ;  but  it  is  probable,  from  the 
results,  that  the  plate  containing  the  hole  or  orifice 
was  of  some  thickness,  and  that  the  inner  arris  was. 
slightly  rounded.  There  is  here,  however,  a  very 
perceptible  increase  in  the  coefficients  for  the  smaller 
orifices^  but  none  for  the  smaller  depth. 

*  Helsham's  Lectures,  p.  390.    Dublin,  1789. 
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In  a  paper  in  the  Transactions  of  the  Royal  Irish 
Academy,  vol.  ii.  p.  81,  read  March  1st,  1788,  Dr. 
Matthew  Young  determines  the  value  of  the  coeffi- 
<cient  for  an  orifice.  tV  inch  in  diameter,  with  a  mean 
head  of  14  inches,  to  be  *628.  The  manner  in  which 
this  value  is  determined  is  very  elegant;  viz.,  by  com- 
paring the  observed  with  the  theoretical  time  of  the 
water,  in  the  vessel,  sinking  from  16  inches  to  12 
inches. 

The  following  experiments  by  Michelotti,  with  cir- 
<rular  orifices  from  1  to  about  8  inches  diameter,  and 
with  from  6  to  28  feet  heads,  give  for  the  mean 
value  Cd='618 ;  and  for  square  orifices  of  from  1  to 
D  square  inches  in  area,  at  like  depths,  the  mean 
value  of  Cd=*628.  The  experiments  ai'e  given  in 
French  feet  and  inches,  according  to  which  standard 
in   feet,  d=:7'77  a  Vft  X  t;    t  being    the    time    in 

seconds.*  As  the  time  of  discharge  in  these  ex- 
l^eriments  varies  from  ten  minutes  to  an  hour,  and  as 
the  depths  are  considerable,  the  results  must  be 
looked  upon  as  pretty  accurate ;  and  it  is  worthy  of 

*  The  vftlne  of  V  2</ A,  equation  (1),  for  measures  in  French  feet,  is 

7*77  V  Ay  and  for  measures  in  French  inches,  26*9  V'A  ;  g  being  equal 
to  80*2  feet,  or  362'4  inches,  Freudi  measure.  One  French  foot  is 
«<liial  to  1 '06578  English  feet,  and  the  inches  preserve  the  same  pro- 
]iortion.  The  resulting  coefficients  must  be  the  same,  whatever  stan* 
thirds  the  calculations  are  made  from.  Many  of  the  most  valuable 
formuls  and  experiments  in  hydraulics  are  given  in  French  measurea 
-of  the  old  style.  As  the  object,  however,  in  the  present  section,  is  to 
<letennine  from  experiment  the  relation  of  the  experimental  to  tho 
theoretical  dischaige,  it  is  not  necessary  to  reduce  the  experiments  to 
other  measures  than  those  in  the  original ;  but  the  value  of  the  force  of 
.gravity,  g,  must,  of  course,  be  taken  in  those  measures  with  which  the 
experiments  were  made.    In  the  French  decimal,  or  modem  style,  the 
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COEFFICIENTS  FROM  MICUELOTTI*S  EXPERIMENTS. 


Description  and 

slse  of  orifloe,  in 

Franch  Inches. 


Depth  of 
the  centre 

of  the 

oriflceain 

French 

feet. 


Square  orifice, 
8"x3" 


6*618 
6*852 
11*676 
11*818 
21  -691 
21-715 


Quiintity 

dl9chai;B;ed 

in  cuuc 

feet 


TLeoreticsl 
time. 
Time  of      calcnUted 
di«^«tt»o,       from 
in        I  D 

aeconds.  .  '=;r=:;; -.« 

,      7-77  A  vT 


463*604 
566*458 
516.785 
612*118 
415*487 
499-222 


600 
720 
510 
600 
800 
860 


871*8 
445-6 
811*4 
866-6 
183-7 
220*6 


BoBulting 

Goeffi-^ 

dents  of 

dischAt;ge. 


-619 
-619 
-610 
•611 
•612 
-613 


Mean  value  of  the  coefficient ;  square  orifice  8*  x  3"  .     . 


Square  orifice, 
2"x2'' 


6*625 
11*426 
21-442 


329*806 
428*465 
885-888 


900 
900 
600 


594- 

580-4 

885-7 


-614 


•660 
-645 
•643 


Mean  value  of  the  coefficient ;  square  orifice  2*  x  2'  •    . 


-649 


Square  orifice, 
l''xl" 


6*757 
11*889 
21*507 


158*549 
163-792 
562-944 


1800 
1440 
8600 


1585* 
880-6 
2249*9 


•628 
-612 
'625 


Mean  value  of  ^lie  coefficient ;  square  orifice  1"  x  1"  . 


CirculaT  orifice, 
8"  diameter 


6*694 
11*590 
21*611 


542*85 

570*972 

521*299 


900 
720 
480 


550  1 
439*6 
293-8 


•621 


•611 
•610 
•612 


Mean  value  of  the  coefficient ;  circular  orifice  8"  diameter  .     *611 


Circular  orifice, 
2"  diameter 


6*785 
11*722 
21*908 


488*687  I 
589*535  I 
575-486    ! 


1800 
168(> 
120^ 


1108-1 

1016-4 

725-9 


•616 
•605 
•605 


Mean  value  of  the  coefficient ;  circular  orifice  8"  diameter  .     •609 


Circular  orifice, 
1"  diameter 


6-875 
11*722 
21*908 


247 -854  • 

824-11 

444-535 


8600 
8600 
3600 


2227- 
2233- 
2237-2 


•619 
•620 
•621 


Mean  value  of  the  coefficient ;  circular  orifice  1"  diameter  .     '620 
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note  that  here  the  coefficients  are  larger  for  square 
than  for  drcular  orifices. 

It  may  be  remarked  here  in  passing  how  universal 
the  coefficients  '618  to  *628  are  for  aU  forms  of 
orifices  in  thin  plates;  or  with  the  outside  arrises 
chamfered.  Indeed,  the  coefficient  *62  may  always 
be  used  with  certainty,  for  practical  purposes, 
for  every  orifice  of  this  kind,  whether  at  the  sur- 
&ce  in  the  form  of  a  notch,  or  at  the  sides  or 
bottom  of  a  vessel,  if  the  section  of  the  approaching 
water  be  large  in  proportion  to  the  area  of  the  dis- 
charging orifice  or  notch.  By  coefficient  of  course  is 
here  meant  that  decimal  which,  multiplied  by  the 
theoretical  value,  gives  the  practical  result ;  and  this 
is  substantially  the  same  for  notches  and  orifices  sunk 
below  the  surface,  as  will  appear  fiirther  on.  There 
appears,  however,  an  utter  want  of  accuracy  in  using 
the  coefficient  *62  or  thereabouts  in  gauging  for  all 
orifices,  weirs  included,  no  matter  what  the  thickness 
or  form  of  the  orifice  or  crest  of  a  weir  may  be,  or 
area  of  the  approaching  channel.  These  will  cause 
the  coefficient  to  vary  from  '5  to  1  or  more,  and  hence 
the  neoeseity  for  endeavouring  to  reduce  this  portion 
of  the  subject  to  rule. 

The  experiments  made  by  the  Abbe  Bossut,  con- 
tained in  the  following  table,  give  the  mean  value  of 
C4,  for  both  circular  and  square  orifices,  equal  to  *616 

metre  ii  equal  to  8*2809  EngHsh  feet,  or  89*871  inches.  The  tenth 
put  of  a  metie  ii  the  decimetie,  and  the  tenth  part  of  the  decimetre 
the  oaBftimetre,  aa  the  namea  imply.  Tablb  XIY.  contains  the 
irai^ita  and  measoiea  in  general  nse  in  Great  Britain  and  Frsnoe,  with 
thnr  general  xatios  to  each  other. 
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nearly ;  and  it  may  be  perceived  that,  for  the  smaU 
depth  in  the  last  experiment,  the  coefficient  rises  so 
high  as  '649.  These  and  other  experiments  led  the 
AbbS  to  construct  a  table  of  the  discharges,  at  different 

COEFFICIENTS  FROX  BOSSUl's  EXPESIKEMTS. 


Detcriptioii,  positkni,  and  siae  of 
orinoe.  in  French  Inches. 


Horizontal  and  circular,  i*  diameter 
Horizontal  and  drcnlar,  I'*  diameter 
Horizontal  and  circular,  2"  diameter 
Horizontal  and  rectangular,  I*'  x  i" 
Horizontal  and  square,  1'  x  1"  .     . 
Horizontal  and  square,  2"  x  2"  .     . 
Lateral  and  circuuu*,  ^"  diameter  . 
Lateral  and  circular,  1"  diameter  . 
Lateral  and  circular,  ^  diameter  . 
Lateral  and  circular,  1"  diameter  . 
Lateral  and  circular,  1*  diameter  . 


1^. 


140-832 

140-882 

140-882 

140-882 

140-882 

140-882 

108- 

108' 

48- 

48- 
0-5888 


2811 

9281 

87203 

2933 

11817 

47361 

2018 

8135 

1353 

5436 

628 


8760-8 
15043-3 
60173-1 

4788*4 
19168-7 
76614-6 

8293*3 
18173  3 

2195-5 

8782-2 
968* 


•614 
•617 
•618 
-618 
•617 
•617 
•613 
•617 
•616 
•616 
•649 


depths,  from  a  circular  orifice  1  inch  in  diameter,  from 
which  the  author  has  determined  the  following  table  of 
coefficients.  These  increase,  as  the  .orifice  approaches 
the  sur£Bu;e,  from  *617  to  '621 ;  and  at  lesser  depths 


COEFFICIENTS  DEDUCED  FROM  B088X7T  S  BXPEBIHENTS. 


Heads, 
inftet 

Ooeffidents. 

Heads, 
In  feet 

Coef&cientL 

HaadB. 
In  feet 

CoefficienU. 

1 
2 
8 

4 
5 

•621 
•621 
•621 
•620 
•620 

? 

8 
9 

;    10 

•620 
•620 
•619 
•619 
-619 

11 
12 
18 
14 
15 

•619 
■618 
•618 
•618 
•617 
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than  1  foot  other  experiments  show  an  increase  in  the 
coefficient  up  to  *660.  The  experiments  of  Poncelet 
and  Lebros  show,  however,  a  reduction  in  the  coeffi- 
cients for  square  orifices  8''  X  8"  as  they  approach  the 
surface  from  '601  to  '672. 

Brindley  and  Smeaton's  experiments,  with  an  orifice 
1  inch  square  placed  at  diflFerent  depths,  give  a  mean 

COEFFICIENTS  CALCULATED  FROM  BRIKDLEY  AND  SMSATON'S 

EXPERIMENTS. 

1  foot  head  :  orifice  1"  x  1"  :  coefficient  •639^ 


2  feet  head  :  orifice  1*  x  1" 
8  feet  head  :  orifice  1"  x  1" 

4  feet  head:  orifice  I'xl' 

5  feet  head  :  orifice  1'  x  1"  :  coefficient  <632 

6  feet  head  :  orifice  J"  x  J'  :  coefficient  '557 


coefficient  '635 
coefficient  '648 
coefficient  ^632 


^mean  '637. 


value  for  c^  of  "637.  The  last  experiment,  with  an 
orifice  only  }  inch  by  ^  inch,  gives  so  small  a  coefficient 
as  '557  placed  at  a  depth  of  6  feet ! 

For  notches  6  inches  wide  and  from  1  to  6^  inches 
deep,  Brindley  and  Smeaton's  experiments  give  the 
mean  value  of  Cd='687.     The  coefficients  of  discharge 

COEPFICIENTS  FOR  NOTCHES,   CALCULATED  FROM  BRINDLEY  AND 

SM Eaton's  experiments. 


Ratio  of  thA 

length 
to  th«  depth. 

SUeof 

notches  In 

Inches. 

Coefficients. 

Ratio  of  the 

lenffth 
to  the  depth. 

Bixeof 

notches  in 

inches. 

Coefficients. 

•92  to  1 
1-07  to  1 
1-2    to  1 
r92  to  1 
2-4    tol 

6x64 

6x51 

6x5 

6x3} 

6x2A* 

•633 
•571 
•609 
•602 
•636 

3-7  to  1  • 
4*4  to  1 
4-8  tol 
6-    tol 
Mean 

6xl| 
6x11 
6x1^ 
6x1 
value. 

•638 
•654 
•681 
•713 
•637 

*  The  depth  is  misprinted  %^  inches  in  the  Encyclopedias,  the 
nsnlting  coefficient  for  which  would  be  '568  instead  of  ^636  as  aboTe» 
for  a  depth  of  2^  inches. 
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for  notches  and  orifices  appear  to  diiSer  as  little  from, 
each  other  as  those  for  either  do  in  themselves.  The 
results  also  show  a  general  though  not  uniform  increase 
in  the  coefficients  for  smaller  depths. 

Du  Buat's  experiments  with  notches  18*4  inches 
long,  give  the  mean  value  of  Cd='682,  which  differs 
very  little  from  the  mean  value  determined  from 
Brindley  and  Smeaton's  experiments. 

CORFFiCIENTS  FOR  NOTCHES,   CALCULATED  FBOX  D17  BUAT's 

EXPERIMEKTS. 


Ratio  of  the 

length 
to  tho  depth. 

SiMof 

notches  In 

Inohoe. 

CoeiBaients. 

Ratio  of  the 

length 
to  the  depthu 

SiMOf 

notches  in 
inches. 

Coeffidenta. 

2-72  to  1 
3-94  to  1 

18-4  X  6758 
18-4  X  4*665 

•680 
•627 

1 

5-75  tol 
10-8    tol 

18-4  X  3-199 
18-4  X  1778 

•624 
•646 

Poncelet  and  Lesbros'  experiments  give  the  coeffi- 
cients in  the  following  table^  for  notches  8  inches 


COEFFICIENTS  FOR  NOTCH F-S,    BY  PONCELET  AND  LESBEOS. 


Ratio  of  the 

length 
to  the  depth. 

Bixoof 

notches  in 

indies. 

Coeffldents. 

•9  tol 

8x9 

•577 

1     tol 

8x8 

•585 

1-8  tol 

8x6 

•590 

2     tol 

8x4 

•592 

2-5  tol 

8x3-2 

•595 

Ratio  of  tho 

SlMOf 

length 
to  the  depth. 

notches  in 

inches. 

3-38  to  1 

8x2-4 

5       tol 

8x1-6 

67    tol 

8x1-2 

10       tol 

8x0-8 

20       tol 

8x0-4 

Coefllde&ta.' 


•601 
•611 
•618 
•625 
•636 


wide ;  the  mean  value  of  all  the  coefficients  in  these 
experiments  is  '608.  Here  the  coefficients  increase 
in  every  instance  as  the  depths  decrease,  or  as  the 
ratio  of  the  length  of  the  notch  to  its  depth  increases. 
It  will  be  necessary  to  refer  to  the  valuable  experi- 
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ments  made  at  Metz,  on  the  discharge  from  differently- 
proportioned  orifices  immediately. 

Bennie's  experiments  for  circukr  orifices  at  deptha 
from  1  foot  to  4  feety  and  of  diameters  from  \  inch 
to  1  inch  give  the  following  coefficients.     Here  the 

COErFICIEXTS  FOR  CIBCULAB  ORIFICES,   FROM  RENKIS'S 

EXPERIMENTM. 


Beedeatthe 

centre  of 

eaohuilfioe 

In  feet. 

iindi 

liocb 
diameter. 

}Snch 
diameter. 

linch 
diameter. . 

Mean 

vaiues. 

1 

•671 

•634 

•644 

•633 

•645 

2 

•653 

•6-21 

•652 

•619 

•636 

3 

•660 

•636 

•632 

•628 

•689 

4 

•662 

•6-26 

•614 

•584 

•621 

Means 

•661 

•tJ-29 

•635 

•616 

•635 

increase  for  the  coefficients  for  lesser  oiifices  and  at 
lesser  depths  exhibits  itself  very  clearly,  notwithstand- 
ing a  few  instances  to  the  contrary.  The  mean  value 
of  the  coefficient  c^  derived  from  the  whole,  is  '6Z5^ 
For  small  rectilineal  orifices  the  coefficients  were  as 
follows : — 

COEFFICIENTS  FOIl  BECTAKGULAR  ORIFICES,   FROM  REXKIE'S 

EXPERIMENTS. 


|l 

1 

ifl^ 

pX 

31^ 

Ifli 

9^ 

1 

i 

1 

•617 

•617 

•668 

2 

•634 

•635 

•668 

3 

•606 

•606 

•606 

4 

•598 

•593 

•593 

Heanfl 

•618 

•613 

•632 
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The  most  valuable  series  of  experiments  are  those 
made  at  Metz,  by  Poncelet  and  Lesbros.  They  were 
made  with  orifices  eight  inches  wide,  nearly,  and 
•of  different  vertical  dimensions  placed  at  various 
•depths  down  to  10  feet.  The  discrepancies  as  to 
any  general  law  in  the  relation  of  the  different 
values  of  the  coefficient  of  discharge  c^  to  the  size 
•and  depth  of  the  orifice  in  the  preceding  experi- 
ments, have  been  remedied  to  a  great  extent  by 
these.  They  give  an  increase  of  the  coefficients  for 
the  smaller  and  very  oblong  orifices  as  they  approach 
the  surface,  and  a  decrease  under  the  same  circum- 
stances in  those  for  the  larger  square  and  oblong 
orifices.  There  are  a  few  depths  where  maximum  and 
minimum  values  are  obtained  :  the  terms  *'  maximum 
And  minimum  values "  are  used  for  those  which  are 
greater  in  the  one  case  and  less  in  the  other  than 
the  coefficients  immediately  before  and  after  them; 
4ind  not  as  being  niunerically  the  greatest  or  least 
values  in  the  column.  These  maximum  and  minimum 
values  are  marked  with  a  *,  in  the  arrangement  of 
these  coefficients.  Table  I.  The  heads  given  in  this 
table  were  measured  to  the  upper  side  of  the  orifices, 
and  by  adding  half  the  depth  of  tlie  orifice  to  any  par- 
ticular head,  the  head  at  the  centre  will  be  obtained. 

As  a  perceptible  sinking  of  the  surface  takes  place 
for  heads  less  than  from  five  to  three  times  the  depth 
•of  the  orifice,  the  coefficients  are  arranged  in  pairs, 
the  first  column  containing  the  coefficients  for  heads 
measured  from  the  still  water  surface  some  distance 
back  from  the  orifice,  and  the  second  obtained  when 
the  lesser  heads,  measured  directly  at  the  orifice,  were 
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used.  A  very  considerable  increase  in  the  value  of  the 
coeffieients  for  very  oblong  and  shallow  small  orifices^ 
maj  be  perceived  as  they  approach  the  surface^  and 
the  mean  value  for  all  rectilinear  orifices  at  consider- 
able depths,  seems  to  approach  to  *605  or  *606. 
It  is  shown,  equation  (29),  that  the  discharge   is 

approximately,  in  which  expression  d  is  the  depth  of 
the  orifice,  and  h  the  head  at  its  centre.  Now  it  is 
to  be  observed,  that  it  is  not  the  value  of  c^  simply,, 
which  is  given  in  Table  I.,  but  the  value  of  c^  x 

-j  1  —  — -Tg  I- ,  the  coefficient  of  a  \/¥gTy  equation 

(29).  The  coefficients  in  the  table  are,  therefore,  less 
than  the  coefficients  of  discharge,  strictly  so  called, 

by  a  quantity  equal  to  A—j.  The  value  of  this  ex- 
pression is  in  general  verj^  small,  and  it  is  easy  to 
I)erceive  from  the  first  of  the  expressions  in  equation 
(31),  pp.  49  &  50,  that  it  can  never  exceed  4*2  per  cent.,. 
or  more  correctly  '0417  in  unity.  If  it  be  required  to 
Imow  the  discharge  from  an  orifice  4  inches  square 
=  4"  X  4'',  with  its  entire  4  feet  below  the  surface,  — 
which  is  equivalent  to  a  head  of  8  feet  10  inches  at 
the  upper  side.    From  the  table  the  value  of 

D  =  -601  X  A  V27A  =  '601  X  -  X  8-025  x  2  = 

1  1 

•601  X  —  X  16-05  =  -  X  9-646  =  1-072 

9  9 
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-cubic  feet  per  secood.  In  the  absence  of  any  experi- 
ments with  larger  orifices,  when  they  occur,  it  is  best 
to  use  the  coefficients  given  in  this  table ;  and,  in 
■order  to  do  so  with  judgment,  it  is  only  necessary  to 
obsei've  the  relations  of  the  sides  and  heads.  For 
-example,  if  the  side  of  an  orifice  be  16"  x  4",  then 
seek  for  the  coefficient  in  that  column  where  the  ratio 
■of  sides  is  as  four  to  one,  and  if  the  head  at  the 
upper  side  be  five  times  the  length  of  the  orifice,  the 
coefiScient  '626  will  be  found,  which  in  this  case  is  the 
^ame  for  depths  measui'ed  behind,  or  at  the  orifice. 
For  lesser  orifices,  the  results  obtained  from  the 
-experiments  of  Michelotti  and  Bostut,  pages  54  and 
-36,  are  most  apphcable ;  and  also  the  coefficients  of 
Itennie,  p.  59.  It  is  almost  needless  to  observe, 
that  all  these  coefficients  are  only  apphcable  to  orifices 
in  thin  plates,  or 
I  those  having  the 
I  outside  arrises 
I  chamfered  as  in 
I  Fig.  8.  Very  Uttle 
I  dependence  can  be 
I  placed  on  calcnla- 
I  tions  of  the  quan- 
^  tities  of  water  dis- 
charged from  other  orifices,  unless  where  the  coefiS- 
cients  have  been  already  obtained  by  experiment  or 
correct  inference  for  them.  If  the  inner  arris  next 
the  water  be  rounded,  the  coefficient  will  be  in- 
creased. 

NOTCHES   AND   WEIRS. 

Some  coefficients  have  been  already  given  at  pages 
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57  and  58,  derived  from  experiments  of  Du  Bust, 
Brindley  and  Smeaton,  and  Poncelet  and  Lesbros,  for 
finding  the  discharge  over  notches  in  the  sides  of 
large  vessels ;  and  it  does  not  appear  that  there  is 
any  difference  of  importance  between  these  and  those 
for  orifices  sunk  some  depth  below  the  surface,  when 
the  proper  formula  for  finding  the  discharge  for  each 
is  used.  If  Poncelet  and  Lesbros'  coefficients  for 
notches,  page  68,  be  compared  with  those  for  an 
orifice  at  the  surface,  Table  I.,  there  is  little  prac- 
tical difference  in  the  resiQts,  the  head  being  measured 
back  from  the  orifice,  unless  in  the  very  shallow 
depths,  and  where  the  ratio  of  the  length  to  the  depth 
exceeds  five  to  one.  The  depths  being  in  these 
examples  less  than  an  inch,  it  is  probable  that  the 
larger  coefficients  found  for  the  orifice  at  the  surface, 
arise  from  the  upper  edge  attracting  the  fluid  to  it 
nnd  lessening  the  effects  of  vertical  contraction,  as 
well  as  from  less  lateral  contraction.  Indeed,  the 
results  obtained  from  experiments  with  very  shallow 
weirs,  or  notches,  have  not  been  at  all  uniform,  and 
at  small  depths  the  discharge  must  proportionably 
be  more  affected  by  movements  of  the  air,  surface 
adhesion,  and  external  circumstances  than  when  the 
depths  are  considerable.  It  will  be  seen  that  in  Mr. 
Blackwell's  experiments  the  coefficient  obtained  for 
depths  of  1  and  2  inches  was  '676  for  a  thin  plate  8 
feet  long,  while  for  a  thin  plate  10  feet  long,  it  in- 
creased up  to  *805. 

The  experiments  of  Castel,  with  weirs  up  to  about 
80  inches  long,  and  with  variable  heads  of  from  1 
to  8  inches,  lead  to  the  coefficient  '497  for  notches 
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extending»over  one-fourth  of  the  side  of  a  reservoir ; 
and  to  the  coeflScient  '664  when  they  extend  for  the 
whole  width.  For  lesser  widths  than  one-fourth,  the 
coefficients  decrease  down  to  '584 ;  and  for  those 
extending  between  one-third  of,  and  the  whole  width, 
they  increase  from  '600  to  "665  and  '680.  Bidone 
found  c^  =  '620,  and  Eytelwein  c^  =  '635.  It  will  be 
X^erceived  from  these  and  the  foregoing  results,  that 
the  third  place  of  decimals  in  the  value  of  c^,  and 
even  sometimes  the  second,  is  very  uncertain;  that 
the  coefficient  varies  with  the  head  and  ratio  of  the 
notch  to  the  side  in  which  it  is  placed ;  and  it  will 
soon  be  shown  that  the  form  and  size  of  the  weir, 
weir-basin,  and  approaches,  still  further  modify  its 
value. 

When  the  sides  and  edge  of  a  notch  increase  in 
thickness,  or  are  extended  into  a  shoot,  the  coefficients 
are  found  to  reduce  very  considerably ;  and  for  small 
heads,  to  an  extent  beyond  what  the  increase  of 
resistance,  from  friction  alone,  indicates.  Poncelet 
and  Lesbros  found,  for  orifices,  that  the  addition  of 
a  horizontal  shoot,  21  inches  long,  reduced  the  coeffi- 
cient from  '604  to  '601,  with  a  head  of  4  feet ;  but  for 
a  head  of  only  4]^  inches,  the  coefficient  fell  from 
•572  to  -488,  the  orifice  being  8''  x  8".  For  noUhe^ 
8  inches  wide,  with  a  horizontal  shoot  9  feet  10  inchea 
long,  the  coefficient  fell  from  *582  to  '479,  for  a  head 
of  8  inches ;  and  from  *622  to  *840,  for  a  head  of  only 

1  inch.  Castel  found  also,  for  a  notch  8  inches  wide 
with  a  shoot  8  inches  long  attached  and  inclined  at  an 
angle  4^  18^  that  the  mean  coefficient  for  heads  from 

2  to  4  J  inches  was  only  '527-    Little  dependence  can. 
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therefore^  be  placed  on  experimental  results  obtained 
for  shoots  which  partake  of  the  nature  of  short  pipes, 
and  should  be  treated  in  like  manner  to  find  the 
discharge.* 

The  author  has  calculated  the  following  table  of 
coefficients  from  some  experiments  made  by  Mr.  Bal- 

COEFFICIEMTB  FOB  8H0BT  WEIRS  OYEB  BOABDR. 

Heads  measured  on  the  crest. 


iamcliefl. 

CbeiBcients. 

Depths 
in  inches. 

Coefficients. 

Deptiu 
In  i'»>4^bA*. 

Ooeffidenta. 

1 

u 
li 
If 

2 
2* 

2} 

1 

•762 
•662 
•678 
•692 
•684 
•702 
•756 
•786 

3 

84 

81 

4 

1      44 

•801 
•765 
•748 
•740 
•759 
•781 
•744 
•745 

1 

5 

5i 
6i 

5J 
6 

7 

8 

Mean 

•738 
•718 
•785 

•729 
•727 
•716 
•726      1 
•732      ' 

lard,  on  the  river  Severn,  near  Worcester,  "with  a 
weir  2  feet  long,  formed  by  a  board  standing  perpen- 
dicularly across  a  trough."  t  The  heads  or  depths 
were  here  measured  on  ilie  weir,  and  hence  the  coeffi- 
cients are  larger  than  those  found  from  heads  mea- 
sured back  to  the  surface  of  still  water. 

Experiments  made  at  Chew-Magna,  in  Somerset- 
shire, by  Messrs.  Blackwell  and  Simpson,  in  1860,  t 
give  the  following  coefficients. 

**  The  overfall  bar  was  a  cast-iron  plate  2  inches 
thick,  with  a  square  top."     The  length  of  the  over- 


*  Traits  Hydranliqaey  par  D'Aabuisson,  pp.  46,  94  et  95. 
t^Ciyil  Engineer  and  Architect's  Journal  for  1851,  p.  647. 
t  CiTil  Engineer  and  Architect's  Journal  for  1851,  pp.  642  and 
645. 
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OOEFFIdENTS  DEBIYED  FEOM  THE  EXPERIMENTS  OF  BIAGEWELL 

AND  SIMPSON. 

Heads 
ininchos. 

GoeiBcients. 

Heads 
in  inches. 

CoefiBcientB. 

Heads 
in  inches. 

CoeffideutB. 

lto| 

1  tolA 

2ft  to  2  J 

2f 

2^ 

2i 

2ii 
8  to  8ft 

•591 
•626 
•682 
•665 
•670 
•665 
•653 
•654 
•725 
•745 

4i 

5 

5ftto5tt 
5tt 

•743 
•760 
•741 
•750 
•725 
•780 
•781 
•749 
•751 
•728 

6 
6ftto6i 

\^ 
8to81| 

Mean 

•749 
•748 
•747 
772 
■717 
'802 
'787 
■750 
'781 
723 

fall  was  10  feet.  The  heads  were  measured  from  still 
water  at  the  side  of  the  reservoir,  and  at  some  distance 
up  in  it.  The  area  of  the  reservoir  was  21  statute 
perches,  of  an  irregular  figure,  and  nearly  4  feet  deep 
on  an  average.  It  was  supplied  from  an  upper  reser- 
voir, by  a  pipe  2  feet  in  diameter  and  of  19  feet  fall ; 
the  distance  between  the  supply  and  the  weir  was 
about  100  feet.  The  width  of  the  reservoir  as  it 
approached  the  overfall  was  about  50  feet,  and  the 
plan  and  section,  Fig.  9,  of  the  weir  and  overfall  in 
connection  with  it,  will  give  a  fair  idea  of  the  circum- 
stances attending  the  experiments.  For  heads  over 
6  inches  the  velocity  of  approach  to  the  weir  was 
"  perceptible  to  the  eye,"  though  its  amount  was  not 
determined.  It  will  be  perceived  that  the  coefficient 
(derived  from  two  experiments)  for  a  depth  of  8  inches 
is  '802,  while  the  coefficient  (derived  from  three 
experiments)  for  a  depth  of  7-H-  inches  is  "717,  and 
for  depths  from  8  to  84^  inches  the  mean  coefficient 
is  '743 :  as  all  the  attendant  circumstances  appear  the 
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same,  these  discrepancies  and  otbers  must  arise  from 
some  nndescribed  circomstances  of  the  case :  perhaps 
the  supply,  and,  consequently,  the  velocity  of  approach, 
vgs  increased  while  making  one  set  of  ezperiments, 
without  affecting  the  still  water  near  the  side  where 
the  beads  appear  to  have  been  taken.  By  comparing 
the  results  with  those  obtained  by  one  of  the  same 
experimenters,  Mr.  Blackwell,  on  the  Kennet  and 


Avon  Canfl],  we  shall  immediately  perceive  that  the 
velocity  of  approach,  and  every  circmnstance  which 
tends  to  alter  and  modify  it,  has  a  very  important 
effect  on  the  amount  of  the  discharge,  and,  conse- 
qoenUy,  on  the  coefficient. 

The  experiments  made  by  Mr.  Blackwell,  on  the 

Kennet  and  Avon  Canal,  in  1850,*  afford  very  valaable 

insbuction,  as  the  form  and  width  of  the  crest  were 

*  Civil  EDgineer  and  Arcliitect'B  Jonnial,  1351,  p.  6j2. 
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varied^  and  brought  to  agree  more  closely  with  actual 
weirs  across  rivers  than  the  thin  plates  or  boards  of 
earUer  experimenters.  The  author  has  calculated  and 
arranged  the  coefficients  in  the  following  table  from 
these  experiments.  The  variations  in  the  values  for 
different  widths  of  crest,  other  circumstances  being 
the  same,  are  very  considerable ;  and  the  differences 
in  the  coefficients,  at  depths  of  5  inches  and  under, 
for  thin  plates  and  crests  2  inches  wide,  are  greater 
than  mere  friction  can  account  for ;  and  greater  also 
than  the  differences  at  the  same  depths  between  the 
coefficients  for  crests  2  inches  thick,  and  8  feet  long. 


Fig.  10 


t 


Scale  of  SectSon  in  Feet,    t   lo 
■    '     ■     ' I    I    I '     «     ' 


The  dotted  lines  on 
Plan  show  the  tub- 
merged  nuuoniy  ap- 
pearing at  C  in  Section. 


fall 


I 


The  plan  and  section,  Fig.  10,  will  give  a  fair  idea 
of  the  approach  to,  and  nature  of  the  overfaU  made 
use  of  in  these  experiments.     The  area  of  the  reser- 
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voir  was  2a.  1r.  80p.,  and  the  head  was  measured 
from  the  surface  of  the  still  water  in  it,  which  remained 
unchanged  between  the  beginning  and  end  of  each 
experiment.  The  width  of  the  approach  a  b  from 
the  reservoir  was  about  82  feet ;  the  width  at  a  b 
about  18  feet,  below  which  the  waterway  widened 
suddenly,  and  again  narrowed  to  the  length  of  the 
overfall.  The  depth  in  front  of  the  dam  appears  to 
have  been  about  8  feet ;  the  depth  on  the  dam,  next 
the  overfall,  about  2  feet ;  and  the  depth  on  the  sunk 
masonry  in  the  channel  of  approach,  about  18  inches. 
Altogether,  the  circumstances  were  such  as  to  increase 
the  amount  of  resistances  between  the  reservoir,  from 
which  the  head  was  measured,  and  the  overfall,  par- 
ticularly for  the  larger  heads,  and  it  is  accordingly 
seen  that  the  coefficients  become  less  for  heads  over 
six  inches,  with  a  few  exceptions.  The  measure- 
ments of  the  quantities  discharged  appear  to  have 
been  made  very  accurately,  yet  the  discharges  per 
second,  with  the  same  head  and  same  length  of  over- 
fall, sometimes  vary;  for  instance,  with  the  plank 
2  inches  thick  and  10  feet  long,  the  discharge  per 
second  for  4  inches  head  varied  from  6*098  cubic 
feet  to  6'491  cubic  feet,  or  by  about  one-sixteenth  of 
the  whole  quantity.  Most  of  the  results,  however, 
are  means  from  several  experiments.  The  quantities 
discharged  varied  from  one-tenth  of  a  cubic  foot  to 
22  cubic  feet  per  second,  and  the  duration  of  the 
experiments  from  24  to  420  seconds.  If  the  coeffi- 
cients for  a  plank  10.  feet  long  and  2  inches  thick 
in  the  foregoing  table  be  compared  with  those  for  the 
same  overfall  at  Chew-Magna,  it  will  be  seen  imme- 
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(liately  how  much  the  form  of  the  approaches  affects 
the  discharge.  Indeed,  were  the  area  of  the  reser- 
voir at  Chew-Magna  even  larger  than  that  for  the 
Kennet  and  Avon  experiments,  it  would  be  found, 
notwithstanding,  that  the  coefficients  in  the  former 
would  still  continue  the  larger,  though  not  fully 
as  large  as  those  found  under  the  particular  cir- 
cumstances.* 

The  following  table  gives  the  mean  results  of  88 
experiments  made  by  Francis,  at  the  Lower  Lock, 
Lowell,  Massachusetts,  in  1852.  The  duration  of 
each  of  these  experiments  varied  from  180  to  822 
seconds.  The  coefficients  in  column  10  have  been 
calculated  by  the  author,  and  the  other  results  con- 
densed from  the  large  table  given  in  Francis'  Book.t 
The  head3  given  in  the  6th  column  are  those  which 


*  There  is  a  veiy  important  omission  in  all  the  preceding  experi- 
ments on  weirs  and  notches.     In  Fig.  10,  for  instance,  it  would  have 
been  necessary  to  obtain  the  heads  at  A  B  and  a  5  in  each  experiment, 
above  the  crest,  and  also  the  head  on  and  a  few  feet  above  the  crest 
itselfl    These  are,  perhaps,  best  calculated  by  means  of  the  observed 
velocity  of  approach.      They  wonld  indicate  the  resistances  at  the 
<lifferent  passages  of  approach,  and  enable  ns  to  calculate  the  coeffi- 
dents  correctly,  and  thereby  render  them  more  generllay  applicable  to 
practical  purposes.    The  coefficients  in  the  two  previous  tables  are  not 
as  valuable  as  they  otherwise  would  be  firom  this  omission.    The  level 
of  still  water  near  the  banks  is  below  that  of  the  moving  water  in  the 
current ;  therefore,  heads  measured  from  still  water  must  give  larger 
coeiBdents  than  if  taken  from  the  centre  of  the  current.    This  may 
secount,  to  some  extent,  for  the  larger  coefficients  in  the  first  table, 
bat  apart  from  this,  the  short  contracted  channel  immediately  above 
the  waterfidl,  Fig.  9,  must  increase  the  velocity  of  approach,  and  conse- 
quently the  coefficients, 
t  Lowell  Hydraulic  experiments.    New  York,  1855. 
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1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 


a 


3 


9-997 
9-997 
9-997 
7-997 
9*997 
9*995 
9-995 
9-997 
9-997 
9-995 
9-997 
9-997 
7-997 


8 


o 


■2-S  IS, 


I? 


1-55 
1-24 
1-00 
1-01 
1-05 
0-98 
1-00 
0-80 
0-82 
0-80 
0-62 
0-65 
0-68 


62-6 

45-6 

38-4 

26*8 

36- 

32-6 

83-6 

28-5 

25- 

28-9 

16-2 

17-6 

14-6 


6 


O'0 


».<M 


•78 
•69 
•44 
•86 
•97 
•64 
•55 
•88 
•75 
•40 
•23 
•58 
•45 


1-66 

1-25 

1-00 

1-02 

1-06 

©•99 

1-01 

-80 

•88 

•80 

'62 

•65 

•68 


9 


|i 

II 


1^ 


8-32 
3-38 
3-32 
3-36 
8-35 
3-34 
8*33 
3-32 
3-84 
8-34 
8-33 
3-38 
3-84 


10 


•621 
•623 
•621 
•628 
•626 
•624 
•623 
•621 
•624 
-624 
•623 
•623 
-628 


would  give  the  observed  discharge  from  the  formuhi 
As  also  from  equation  (89) 

therefore, 

the  values  of  which  are  given  in  column  6.  The 
values  of  h"  in  column  8  are  those  which  would  be 
found  by  resolving  the  equation 
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n  being  the  number  of  end  contractions,  and  c  a 
multiplier  varying  from  8*82  to  8*86. 

In  this  table  the  theoretical  head  -«-  =  "0155  rjdue 

to  the  velocity  of  approach  has  been  used  and  does 
not  exceed  '02  of  a  foot.    However,  this  head  is  much 

greater,  and  should  be  taken  =  -i—rn —  =    '04  v\  or 

thereabouts.  This  would  reduce  the  values  of  the 
coefficient  of  discharge  c^  in  the  10th  column.  The 
differences  between  A,  h'y  and  h"  in  columns  8,  6,  and 
7  are  here,  practically,  of  little  moment,  and  the  value 
of  c^  in  column  10  would  be  nearly  the  same  derived 
from  either.  The  crest  of  the  weir  experimented  upon 
was  1  inch  thick.  The  weir  measuring  10  feet  x  18 
inches  x  1  inch,  the  top  was  rounded  off  at  both 
anises,  leaving  the  central  horizontal  portion  one 
quarter  of  an  inch  wide.  The  general  result  of  these 
experiments  verifies  the  ordinary  coefficient  for  notches- 
in  thin  plates  from  *617  to  *628  for  the  value  of  c^. 

Professor  Thomson's  experiments  with  right-angled 
triangular  notches,  in  thin  plates,  give  a  mean  coeffi- 
cient of  -617-     Vide  Note  p.  42. 


HEAD,  AND  FROM  WHENCE   MEASUBED. 

By  referring  to  Table  I.,  it  is  seen  that  there  is  a 
difference  in  the  coefficients  as  obtained  from  heads 
measured  on  and  above  the  orifice.  This  difference  i& 
greater  in  notches,  or  weirs,  than  in  orifices  sunk 
below  the  surface ;  and  when  the  crest  of  a  weir  is  of 
some  width,  the  depths  upon  it  vary.    In  the  Kennet 
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and  Avon  experiments,  the  heads  measured  from  the 
surface  of  the  water  in  the  reservoir,  and  the  depths 
at  the  "  outer  edge"  (by  which  is  understood  the  lower 
edge)  of  the  crest  were  as  follows : — 


DIFFERENCE  OF  HEADS  MEASURED  ON  AND  ABOVE  WEISS. 
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u 

GO  U 


its 

rM  "JS  "^ 

s  ■ 

CO  V 


3to2H 
34 
41 


3i 


M 


2i 
21 


1| 

■  ■  • 

n 


l|2 


00  o 


i 


n 


21 


r^ 

ll 

5-s 

■g® 

•"g 

S-s 

•si 

il 

to  8 

i 

A 

■  >  • 

1 

litolj 

■  •  ■ 

•  ■  • 

•  •  • 

11 

2J 

21 

•  «  • 

•  •  • 

•  ■  « 

4J 

H 

•  •  • 

4 

& 

«  •  • 

11 

•  •  • 

2J 

•  •  • 

84 


No  intermediate  heads  are  given,  but  those  registered 
point  out  very  clearly  the  great  differences  which  often 
exist  between  the  heads  measured  on  a  weir,  or  notch, 
and  those  measured  from  the  still  water  above  it ;  and 
how  the  form  of  the  weir  itself,  as  well  as  the  nature 
of  the  approaches,  alters  the  depth  passing  over.  On 
a  crest  2  feet  wide,  with  14^  inches  depth  on  the  upper 
edge,  we  have  found  that  the  depth  on  the  lower  edge 
is  reduced  to  11^  inches,  or  as  1*26  to  1.  The  head 
taken  from  8  to  20  feet  above  the  crest,  where  the 
plane  of  the  approaching  water  surface  becomes  curved, 
is  that  in  general  which  is  best  suited  for  finding  the 
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discharge  by  means  of  the  common  coefficients^  bnt  a 
correct  section  of  the  channel  and  water-line,  showing 
the  different  depths  upon  and  for  some  distance  above 
the  crest,  is  necessary  in  all  experiments  for  deter- 
mining accurately  by  calculation  the  value  of  the 
coefficient  of  discharge  c^. 

Du  Buat,  finding  the  theoretical  expression  for  the 
discharge  through  an  orifice  of  half  the  depth  h, 

p=iV5F><!{»>-^)'}, 

equation  (6) 

to  agree  pretty  closely  with  his  experiments,  seems 

h  . 
to  have  assumed  that  the  head  h  is  reduced  to  -o  in 

passiDg  over.  This  is  a  reduction,  however,  which 
never  takes  place  unless  with  a  wide  crest  and  at  its 
lower  edge,  or  where  the  head  h  is  measured  at  a  con- 
siderable distance  above  the  weir,  and  when  a  loss  of 
head  due  to  the  distance  and  obstructions  in  channel 
takes  place.  When  there  is  a  clear  weir  basin  imme- 
diately above  the  weir,  the  author  has  found  that, 
ptLtting  h  for  the  head  measured  from  the  surface  in 
the  weir  basin,  and  h^  for  the  depth  on  the  upper  edge 
of  the  weir,  that 

(82.)  ft  -  /i^  =  -14  VT, 

for  measures  in  feet,  and 

(38.)  h-K='^  >/^ 

for  measures  in  inches.    The  comparative  values  of 

A  and  ^depend,  however,  a  good  deal  on  the  particular 
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circumstances  of  the  case.  Dr.  Bobinson  found  * 
h  =  I'lll  hy„  when  h  was  about  5  inches.  The 
expressions  given  are  founded  on  the  hypothesis,  that 

h  —  h^is  as  the  velocity  of  discharge,  or  as  the  \/~k 
nearly.  For  small  depths,  there  is  a  practical  difficulty 
in  measuring  with  sufadent  accuracy  the  rektive 
values  of  h  and  h^.     Unless  for  very  small  heads  the 

sinking  will  be  found  in  general  to  vary  from  jr  to  —^9 

and  in  practice  it  will  always  be  usefol  to  observe  the 
depths  on  the  weir  as  well  as  the  heads  for  some  dis- 
tances (and  particularly  where  the  widths  contract) 
above  it. 

In  order  to  convey  a  more  definite  idea  of  the 
differences  between  the  coefficients  for  heads  measured 
at  the  weir,  or  notch,  and  at  some  distance  above  it, 

assume  the  difference  of  the  heads  A  —  A.  =    —  ; 

^  r 

h—h^  '  r  hw 

7*  +  1  r 

hence  h  = h^  and  hyf= — --— =■  ft. 

Now  the  discharge  may  be  considered  as  that  which 
would  take  place  through  an  orifice  whose  depth  is  h^ 
with  a  head  over  the  upper  edge  equal  to  A  —  ^ 

L 

=  -^-;  hence  from  equation  (6)  the  discharge  is  equal  to 

I  /r  +  1     \8 

and  substituting  for  h  its  value  ( A^j  ,  then  the 

•  Froceodings  of  the  Royal  Irish  Academy,  vol.  iv.  p.  212. 
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value  of  the  discharge  is 

(34.)    i,  =  |iA,V27A,x<r,((l  +  i)*-(^^y}. 

As  the  value  would  be  expressed  by 

if  the  head  h  —  h^  were  neglected,  it  is  evident  the 
coefficient  is  increased,  under  the  circumstances,  from 

or,  more  correctly,  the  common  formula  has  to  be 

multiplied  by  f  1  +  "V  ""(")'»  ^  ^^  ^^^  *^*^®  dis- 
charge, and  the  value  of  this  expression  for  different 

values  of  -  =  n  will  be  found  in  Table  IV.     If  it  be 

r 

supposed  that 

h  —  h^=  yq,  then  -  =  jq  =w; 

and  find  from  the  table  {l  +  ^J^  (^^  =  1-1221. 

Now  if  the  value  of  c^  be  taken,  for  the  frdl  head  h,  to 
be  -628,  then  will  1-1221  x  -628  =  -705,  rejecting 
the  latter  figures,  be  the  coefficient  when  the  head  is 

measured  at  the  orifice;  and  if  —  =  ^a  =  w»  then  in 

the  same  manner  the  new  coefficient  would  be  found  to 
be  1-2251  X  -628  =  -769  nearly.  The  increase  of  the 
coefficients  determined,  page  65,  from  Mr.  Ballard's 
experiments  is,  therefore,  evident  from  principle,  as 
the  heads  were  taken  at  the  notch ;  and  it  is  also  pretty 
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clear  that,  in  order  to  determine  the  true  discharge,  the 
heads  both  on,  at,  and  above  a  weir  should  be  taken. 
Most  of  the  discrepancies  in  the  coefficients  determined 
from  experiment  have  arisen  &om  imperfect  and  limited 
observations  of  the  facts.  Amongst  these  the  velocity 
of  approach  should  never  be  neglected  by  observers, 
as  its  effect  on  the  discharge  is  often  considerable  in 
increasing  the  quantity.  The  effect  of  the  form  of  the 
weir  and  approaches  is  scarcely  ever  sufficiently  con- 
sidered by  professional  men.  Most  of  the  discussions 
which  arose  with  reference  to  the  gaugings  on  the 
Metropolitan  Main  Drainage  Question  would  have 
been  obviated  if  the  calculators,  or  engineers,  had 
taken  into  accoimt  the  different  circumstances  attendant 
on  it,  instead  of  applying  generally  a  formula  suited 
to  a  particular  case,  namely,  a  thin  crest,  a  small  notch, 
and  a  large  body  of  water  immediately  above  it ;  and 
applied  a  correct  formula  for  including  the  effects  of 
the  velocity  of  approach. 

The  two  following  tables  have  been  reduced  to 
English  feet  measures,  from  Boileau's  experiments; 
they  show  the  relation  of  the  head  to  the  depth  on  the 
crest  at  the  upper  arris.  The  coefficient  for  the  head 
h  being  known,  that  due  to  h^  on  the  weir,  may  be 
calculated  from  equation  (84). 

If  the  head  h^  were  used  instead  of  h,  to  calculate 

h 
the  discharge,  then  when  j-  =  1*2,  a  coefficient  of  '628 

for  the  head  h  would  become  '769  for  the  head  hy,  in 
equation  (34).  For  -  =  '2,  and,  therefore,  Table 
IV.,  -628  X  (l-2)i  -  (-2)3  =  -628  x  1-2251  =  '7G9. 
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TiLBLE  showing  the  ratio  of  the  head,  h,  to  the  depth,  h^  on  a  Plank 
Weir  of  the  full  vndth  of  the  Channel,  immediately  at  the  upper  edge, 

or  J-,  $ee  equation  (83),  when  the  sheet  of  vxUer  is  free  after  passing 

over,  with  air  under  it. 


1 

j 

Vuluoe  of  the  head  h  divided  by  the  thickness  of  the  sheet  of 
water  passing  over  the  weir  immediately  at  the  upper  edge  ; 

1 

1      Head  A 

average  ;j;^  = 

^  =  1-2  between  heads  of  3  and  14  inches. 

,     in  feet 

■» 

1 

1 

1 

1 

Height  of 
weir  in  feet, 

•sc. 

Height  of 
weir  in  feet» 

lor. 

1 

Height  of 
weir  In  feet, 

i-sr. 

Height  of 

weir  in  feet, 

1-71'. 

-1 

1-339 

•  •  • 

■  •  • 

1-285 

•18 

1-282 

•  •  • 

1-320 

1-260 

•16 

1^260 

•  •  ■ 

1-285 

1-228 

-20 

1-284 

1-248 

1-249 

1-214 

•23 

1-223 

1-232 

1-231 

1-205 

•26 

1-216 

1-232 

1-228 

1-200 

•3 

1-212 

1-228 

1-218 

1-199 

•33 

1-210 

1-225 

1-217 

1-199 

•39 

1-206 

1-221 

1-112 

1-197 

•46 

1-202 

1-216 

1-206 

•  •  • 

'53 

1-199 

•  •  • 

1-201 

•  ■  1 

•59 

1-196 

•  •• 

1-196 

«  •  < 

•66 

1-192 

•  •  » 

1-191 

•  •  t 

•82 

1-186 

•  •  • 

•  ■  • 

•  •  < 

•99 

1-184 

■  •  • 

■  ■  • 

•  « 

1-15 

1-182 

•  •  • 

•  •  • 

•  • 

If  the  head  A^  were  used  instead  of  A  to  calculate  the  dis- 
charge, when  J-  =  1'26,  Table  next  page,  then  a  coeffi- 
cient of  •628  for  the  head  A  would  become  '799for  the  head 
hy,  n  equation  (84).     For  —  =  '25 ;  and,  therefore,  the 


628 


value  of  Cd{(l +  -y-(^y},  Table  IV.,is- 

X  (1-25)1  -  (-25)1  =  -628  x  1-2726  =  -799.    And  so 
on  we  may  calculate  the  value  of  the  coefficient  to 
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be  applied  to  the  depth  hy,  on  the  weir,  for  any  other 
ratios  between  h  and  h^  by  means  of  equation  (84). 


Table  ahoioing  the  ratio  ^  equation  (38),  when  (he  sheet  of  water 

passing  over  is  in  contact  with  the  crest  afid  with  the  water  unme- 
diately  below  a  Plank  Weir, 


HeadA 
in  feet 

VaLnes  of  A  for  diflexwit  heights  of  weirs  and  for  diflRnnent 
heads;  mean  -value  for  heads  between  3  and  14  inches,  equal 
1  =  1-25. 

Height  of  weir 
in  feet, 

lor. 

Height  of  weir 

mfeet, 

11'. 

Height  of  weir 

hi  feet. 

1-88'. 

-43 
•46 
•49 
•53 
•59 
•66 
•73 
•79 
•86 
-92 
•99 

••• 

1-256 
1-250 
1-286 
1-225 
1-216 
1-208 
1-202 
1-198 

•  •  • 

1-288 
1-275 
1-266 
1-258 
1-245 
1-282 
1-228 
1-216 
1-208 
1-208 
1-198 

1-291 
1-281 
1-271 
1-254 
1-241 

Boileau  made  some  valuable  experiments  at  Metz, 
which  were  published  in  1854.  They  give  the  follow- 
ing results  for  vertical  plank  weirs  extending  from  side 
to  side  of  the  channel,  when  the  water  passed  over 
without  adhering  to  the  crest : — 


Height  of  weir  over  bot- 
tom of  channel  in  feet 

8- 

'  Head  above. 

•2    to  1-6 

Mean  ooeffldent. 

•646 

1^8 

•16  to    -5 

•622 

•6 

•15  to    -25 

•625 

When  the  water  passing  over  adhered  to  the  crest. 


Head  above. 

Mean  coefficient. 

1-      to  1-6 

•694 

•6    to  1-8 

•690 

•36  to  1-3 

•675 
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and  no  air  between  the  sheet  passing  over  and  the 
water  below  the  weir,  the  expeiiments  gave 

Height  of  weir  over  bot- 
tom of  channel  in  feet 

2- 
1-8 
•6 

WTien  the  plank  weir  leant  up-stream  4  inches  to  a 
foot,  the  mean  value  of  c^  was  '620,  the  height  of  weir 
being  1"5  foot,  and  with  heads  from  '23  to  '5  foot. 
When  its  crest  was  rounded  to  a  semi-cylinder,  the 
coefficient  was,  with  a  head  of  "26  foot,  '696,  and  witli 
a  head  of  '62  foot,  '843  ;  the  water  adhering  to  the  crest. 
With  a  head  of  "6  foot  the  coefficient  was  '867,  and  with 
a  head  of  *85  foot,  '840,  when  the  water  passed  over 
without  air  between  it  and  the  water  below  the  crest. 
The  following  tables  give  the  experimental  and  reduced 
coefficients  for  vertical  plank  weirs  of  different  heights, 
and  with  different  heads,  when  the  water  passes  over 
in  a  full  sheet,  and  also  when  it  adheres  to  the  crest 
and  joins  it  and  the  lower  water.  Also  for  plank  weirs 
suitable  for  sluices,  leaning  up-stream  with  a  slope  of 
one-third  horizontal  to  one  vertical. 


o 
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Coefficients  of  VertictU  Plank  Weirs  at  rigid  anjlcs  to  the  Channel^ 
icktA,  the  edge  is  duimfered  at  the  lower  arris,  ajid  when  tJie  Jiead 
jKusing  over  is  in  contact  tmUi,  tJie  water  at  and  below  the  Weir;  or 
token  the  water  immediately  below  th".  Weir  rises  to  the  cresL  The 
vioximum  coefficient  '733  appears  to  obtain  when  tlie  height  of  ihA 
Weir  is  double  thi  depth  passing  over  Oie  cresL 


Heigfate  of  weira,  in  feet,  oyer  the  bottom  of  the  channel,  and 

corrB6pondinff  vsJues  of  the  coefSiicient  of  discharge  Cd  ^  ^^ 

g  »                                   formula  v  —  e^x  |  \/-)  y 

h. 

a  a 

■■4v« 

■66'      •82'      •99' 

1-15' 

132' 

1-48' 

1-86' 

1-81' 

1-98' 

•30 

•30 

•727      ... 

•33    -724 

... 

•33 

•86    -721 

•  •  • 

•36 

•39  '  -718 

•39 

•48    -714 

•43 

•46     709 

•46 

•49    -702  1  -708 

•716 

•724 

•49 

•58    -694 

•699 

708 

•718 

•53 

•56    -687 

•698 

•700 

•712 

•729 

•56 

•59     679 

•687 

•694 

'705 

•721 

•59 

•63     676 

•682    ^689 

•700 

•717 

'63 

•66    -672     -678 

•684 

•696 

•714 

'66 

•73    -667     -672 

■678 

•690 

•708 

•783 

•73 

•79  ,  -661     -666 

•673 

•685 

•705 

•729 

•79 

'86  1  -655      660 

•669 

•681 

•700 

•724 

•86 

•92    -648      666 

•666 

•678 

•699 

•720 

•92 

•99  ;  '640 

•652 

•666 

•678 

'693 

•703 

•712 

•720 

•729 

•99 

105  1  -631 

•645 

•657 

•669 

•681 

•691 

•702 

•711 

•7-20 

1-05 

112    -627 

•636 

'646 

•657  i  -667 

•679 

•690 

•700 

•711 

1-12 

119     625 

'636 

•646 

'657 

•666 

•676 

•685 

•694 

•708 

1^19 

1 '25  i  1i'25 

•636 

•646 

•657 

•666 

•675 

•682 

•690 

•696 

1-25 

1-32    -625 

•636 

•646 

•657 

•666 

•673 

•679 

•685 

•691 

1^32 

1-39 

•  ■  ■ 

•666 

•672 

•678 

•682 

•684 

1^39 

r45 

•  ■  • 

•664 

•670 

•675 

•679 

•684 

145 

1-52 

■  •  » 

•661 

•667 

•672 

•676 

•681 

1-52 

1-58!    ... 

•658 

•668 

•669 

•672 

•676 

1^68 

1-65.    ... 

•655 

•658 

•663 

•666 

•667 

1-65 

The  effect  of  the  form  of  the  crest  in  increasing  the 
coefficients  is  distinctly  observable  in  the  next  table, 
although  the  weirs  experimented  on  overhung  the  water 
above,  between  the  crest  and  the  bottom  of  the  channel. 
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The  following  table  gives  the  result  of  experiments- 
on  chamfered  plank  weirs,  for  gauging,  extending  across 
a  channel  at  right  angles  to  it,  when  the  back-watei^ 

Table  of  ExpcrimeTUal  Coefficients  for  Plank  Weirs  leaning  up-stream^ 
when  the  crest  has  the  doton-stream  arris  rounded  to  a  qtiadrant ;  and 
when  the  crest  is  cylindrical  and  projecting  up-stream  in  the  form  of 
a  knob. 


Head  A 

Plank  wttlr  leaning  up-stream 
one-third  to  one;    the  lower 
orris  of  crest  rounded  off  to  a 
quadrant  of  a  circle  with   a 
radius  the  full  thickness   of 
the  plank. 

1 
Plank  weir  leaning  upwards 
one-third   to   one,    the  crest 
rounded    and    projecting    in 
front  beyond  the  plank,  so  as 
to  be  thicker  than  it 

in  foot 

1 
Water  free      |       Water  in 

Water  in 

Water  in 

from  curve  of 

contact  with 

contact  with 

contact  with 

crest  13  foot 

curve  of  crest 

curve  of  crest 

curve  of  crest 

thick. 

•17  foot  thick. 

•3  foot  thick. 

'33  foot  thick. 

•16 

•589 

•651 

■  •  • 

•  •  « 

•20 

•589 

•672 

•  •  • 

' 

•23 

•594 

•697 

■  «  • 

•  •  ■ 

•26 

•612 

•697 

•  •  • 

•  •  • 

•80 

•683 

•721 

«  •  • 

•670 

•83 

•642 

•747 

•604 

•686 

•86 

•649 

•766 

•625 

•700 

■39 

•655 

•768 

•648 

•714 

•43 

•661 

•795 

•669 

•727 

•46 

•667 

•802 

•687 

•741 

•49 

•675 

•702 

•753 

•53 

•679 

•716 

•765 

•56 

•685 

•729 

•775 

•59 

•  »  • 

•741 

•786 

•63 

•  ■  • 

•753 

•795 

•66 

■  ■  • 

•762 

•802 

•69 

•  •  * 

•  •• 

•808 

•72 

■  •  • 

■  •  • 

•818 

below  was  joined  to  the  head-water  at  passing  over,  and 
when  there  was  no  air  between  : — 


feet 
Height  of  weir  over  the  bottom  of)  .qq 
the  chumel  below   .  .    .  j* 

Heads  passing  over  the  weir  in  each  ) 
ease,  when  absorbed  at  the  crest  >-'23 
into  the  back-water  .) 


feet 

feet 

foot 

feet 

fbet 

feet 

feci 

•88 

l-OO 

116 

1-32 

1-48 

1i» 

2-0> 

•31 


•38      ^45      -51      -50      "W      -ua 
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^vhicli  shows  that  the  head  was  di'owned  {noyee)  when 
Ihe  deptli  of  the  lower  channel  below  the  crest  of  the 
weir  was  less  than  2  J  times  the  head  passing  over, 
taking  a  general  average. 

It  is  necessary  here  to  protest  against  the  nota- 
tion adopted  by  Boileau,  Morin  and  others,  of  giving 
only  two-thirds  of  the  coefl&cient  of  discharge,  Cd,  for 
notches  and  weirs,  instead  of  the  full  and  true  value. 
The  correct  formula  for  the  discharge  from  a  notch  or 

3  / 

wen  is  D  =  -  i  7i  V  2  flf  A.    Now  they  assume   a   coeffi- 

■cient  due  to  an  incorrect  foimula  jy  =  I  h  ^/  2  g  h, 

s 
which  reduces  q  to  -  c^  to  give  the  same  final  results. 

V 

This  leads  also  to  an  unnecessary  distinction  between 
the  coefficients  of  orifices  at  the  surface,  or  notches, 
•tmd  orifices  sunk  to  some  depth,  which,  practically, 
have  the  same,  or  nearly  the  same,  general  value.  Mr. 
Hughes,  at  p.  828  of  his  useful  treatise  on  Water- works, 
iii'st  edition,  falls  into  the  same  error,  for  the  theore- 
tical dischai'ge  per  minute  over  a  weir  one  foot  long  is 

S21  h*,  and  not  481  h*,  as  he  sanctions.  In  the  edition 
of  1872,  however,  p.  376,  he  gives  both,  with  a 
<'ommon  factor  m,  giving  Mr.  Blackwell  as  an  authority 
for  the  former.  The  factor  m  must  be  the  coefficient 
of  discharge  and  cannot,  in  the  same  case,  have  two 
different  values.  The  coefficients  for  a  iwtch  and  an 
<infice  are  substantially  the  same  if  correct  forniuUe  for 
the  theoretical  discharges  be  adopted. 
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SECTION  IV. 

VARIATIONS  IN  THE  COEFFICIENTS  FROM  THE  POSITION^ 
OF  THE  ORIFICE. — GENERAL  AND  PARTIAL  CONTRAC- 
TION.  VELOCITY  OF  APPROACH. CENTRAL  AND  MEAX 

VELOCITIES. — PRACTICAL  FORMULA  FOR  THE  DIS- 
CHARGE OVER  WEIRS  AND  NOTCHES. 

A  glance  at  Table  I.  will  show  that  the  coefficients, 
increase  as  tlie  orifices  a2)proach  the  surface,  to  a 
ceiiain  depth  dependent  on  the  ratio  of  the  sides,  and 
that  this  increase  increases  with  the  ratio  of  tlie  lengtli 
to  the  depth  :  some  experimenters  have  found  the 
increase  to  continue  uninterinipted  for  all  orifices  up  to- 
the  surface,  but  this  seems  to  hold  only  for  depths, 
taken  at  or  near  the  orifice  when  it  is  squai'e  or  nearly 
so  :  it  has  also  been  found  that  the  coefificient  increases, 
as  the  orifice  approaches  to  the  sides  or  bottom  of  a. 
vessel :  as  the  contraction  becomes  imperfect  the  co- 
efficient increases.  These  facts  probably  arise  fix)m 
the  velocity  of  approach  being  more  dii'cct  and  concen- 
trated under  the  respective  circumstances.  The  lateral 
orifices  A,  B,  c,  D,  E,  F,  G,  H,  I,  and  k,  Fig.  11,  have 
coefficients  difl'eiing  more  or  less  from  each  other.  The 
coefficient  for  a  is  found  to  be  larger  than  either  of 
those  for  n,  c,  e,  or  d  ;  that  for  G  or  k  larger  than  that, 
for  u  or  I ;  that  for  h  larger  than  that  for  i ;  and  that 
for  F,  where  the  contraction  is  general,  least  of  all^ 
The  contraction  of  the  fluid  on  entering  the  orifice  v 
removed  frcm  the  bottom  and  sides  is  complete ;  it  is. 
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tenned,  therefore,  "general  contraction  ,*"  that  at  the 
orifices  A,  E,  o,  H,  I,  K,  and  d,  is  interfered  with  by  the 
ndes;  it  is  therefore  incomplete,  and  termed  "partial 
temtraetion"  The  increase  in  the  coefficients  for  the 
same-sized  oiifices  at  the  same  mean  depths  may  be 


Fiff.ll 


assumed  as  proportionate  to  the  length  of  the  perimeter 
at  which  the  contraction  is  partial,  or  &om  which  the 
lateral  flow  is  shat  off;  for  example,  the  increase  for 
the  orifice  o  is  to  that  for  h  as  c  d  +  d  e  :  de;  and  in 
the  same  manner  the  increase  for  o  is  to  that  for  e  as 
cd  +  de  :  cd.  If  n  be  put  for  the  ratio  of  the  con- 
tracted portioii  c  d  e  to  the  entire  perimeter,  and,  as 
before,  e^  for  the  coefficient  of  general  contraction,  then 
the  coefficient  of  partial  contraction  is  equal  to 
(W.)  ca  -f  -09  n  =  fd  +  "1  «  nearly, 

for  rectangular  orifices.  The  value  of  the  second  term 
*09  fl  is  derived  from,  various  experiments.  If  '617  be 
taken  for  the  mean  value  of  c^,  the  expression  may  be 
changed  into  the  form  (1  -H  -146  n)  c^.  When  n  =  J, 
this  becomes  1'036  c^ ;  when  n  =  ^,  it  becomes  1'07S 
c  ;  and  when  «  =  J,  contraction  is  prevented  for 
thtee-fonrtbs  of  the  perimeter,  and  the  coefficient  for 
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partial  contraction  becomes  1'109  c^.  The  form  which 
is  given  in  equation  (35)  is,  however,  the  simplest ; 
but  the  value  of  n  must  not  exceed  f .  If  in  this  case 
Cd  =  '617,  the  coefficient  for  partial  contraction  be- 
comes -617  +  -09  X  i  =  -617  +  -067  =  '684.  Bidone's 
experiments  give  for  the  coefficient  of  partial  contrac- 
tion (1  +  '152  n)  Cd ;  and  Weisbach's  (1  +  '132  n)  Cd- 

VARIATION  IN  THE  COEFFICIENTS  FBOM  THE  EFFECTS 
OF  THE  VELOCITY  OF  APPROACH. 

Heretofore  it  has  been  generally  supposed  that  the 
water  in  the  vessel  is  almost  still,  its  surface  level  un- 
changed, and  the  vessel  consequently  large  compared 
with  the  area  of  the  orifice.  When  the  water  flows  in 
a  channel  to  the  orifice  with  a  perceptible  velocity,  the 
contracted  vein  and  the  discharge  are  both  found  to  be 
increased,  other  circumstances  being  the  same.  If 
the  area  of  the  vessel  or  channel  in  front  exceed  thirty 
times  that  of  the  orifice,  the  discharge  will  not  be  per- 
ceptibly increased  by  the  induced  velocity  in  the  con- 
duit ;  but  for  lesser  areas  of  the  approaching  channel, 
corrections  due  to  the  velocity  of  approach  become 
necessary.  It  is  clear  that  this  velocity  may  arise 
from  either  a  surface  inclination  in  the  channel,  an 
increase  of  head,  or  a  small  channel  of  approach  sup- 
plied in  some  way. 

Equation  (6)  gives  the  discharge  from  a  rectangular 
orifice  A,  Fig.  12,  of  the  length  I,  with  a  head  measured 
from  still  water 
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in  which  ht,  and  fi,  are  measured  to  the  surface  at  some 
'listance  back  from  the  orifice,  as  shown  in  the  section. 
The  water  here,  however,  must  move  along  the  channel 
tiivards  the  orifice  with  considerable  velocity.  If  A  be 
t!te  area  of  the  orifice,  and  c  the  area  of  the  channel, 
it  may  be  supposed,  with  tolerable  accuracy,  that  this 


velocity  is  equal  to  — r,,,  in  which  v^  represents  the 

mean  velocily  in  the  orifice.  If  the  velocity  of  approach 

be  represented  by  i\,  then 

(36.)  ''■.  =  ^><  ^o. 

niid  consequently  the  theoretical  height  due  to  it — the 

KAme  as  when  there  is  no  contraction  at  the  vena-coa- 

Iraeta — is 

?     2o  c*  J 


(87.) 


I  and  talcing  the  head  due  to  contraction, 
I  &c.,  into  account 

V  c'      2gel  ci  c^  J 

in  feet  measures.*    The  height  A.  may  be  considered 

*  Wbmi  Um  qipnMaliiiig  Telodtjr  puaea  tlmiiigh  tlie  oiiSce  without 
contnctiiiii,   it  iiaridrot  tlwt  the  h«ad  A.  required  to  prodace  tbat 
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as  an  increase  of  head,  converting  fti,  into  ft^  +  h»>  ^^^ 
ht  into  At  +  *a-  The  discharge  therefore  now  be- 
comes 

(88).      D  =  |cdI\/27  {{h  +  hj-  (h  +  hjy, 
which,  for  notches  or  weirs,  is  reduced  to 

(89.)        D  =  ^ Cd  W2^ {  (h  +  Kf  -»•*},* 

as  ht  then  vanishes.  As  n  is  also  equal  to  a  X  to,  equa- 
tion (87)  may  be  changed  into 


/'.  =  ~i  ^ 


^}, 


(40.) 


and  taking  the  head  due  to  contraction » 
&c.,  into  account, 

D>       _J_  _  -0155  D» ) 

in  feet  measures. 

If  this  value  for  h^  be  substituted  in  equations  (88) 
and  (89),  the  resulting  equations  will  be  of  a  high 
order  and  do  not  admit  of  a  direct  solution ;  and  in 

velocity  in  the  oiificc,  with  contraction  outside  at  the  vtiia-conbrada^ 

A.  "w  A."  ?? 

must  be  h,  =  p^   x  ^  'z^ — ^t  instead  of  /i.  =  -7,.*  x   b~V      In   lik& 
\j'         z  g  X  ci  K/"        z  ff 

manner  7t.  =  ^,-^  »y--  =  '04  vl  in  feet  measures  when  v.  is  the  relo- 

city  of  approach  and  Ca  «  *617. 

*  The  formula  for  the  discharge  over  weirs,  taking  into  accoont  the 
velocity  of  approach,  D  =  2-96  cr  I  V  A  +  '115  i;*,  giren  by  D'An- 
buisson,  "Traits  Hydrauliqne,"  seconde  ^tion,  pp.  78  et  95,  and 
adopted  by  some  English  writers  and  engineers,  is  incorrect  in  principle. 
In  feet  measores  it  becomes  d = 6  *35  c^  ih  x  V  A  4-  '03494  vl  which 
formf — ^with  alterations  in  the  numerals  and  measures,  was  used  for 
calculating  discharges  of  sewers  during  the  Metrofoutan  Maix 
Dbaikaoe  discussion. 
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(88)  and  (39),  as  they  stand,  A»  involves  implicitljr 
the  value  of  d,  which  is  what  is  sought  for.  By 
finding  at  first  an  approximate  value  for  the  velocity 
of  approach,  the  height  //»  due  to  it  can  easily  be 
found,  equation  (87);  this  height,  substituted  in  equa^ 
tion  (88)  or  (39),  will  give  a  closer  value  of  d,  from 
which  again  a  more  correct  value  of  h^  can  be  deter- 
mined ;  and  by  repeating  the  operation  the  values  of 
i»  and  7/^  can  be  had  to  any  degree  of  accuracy.  In 
general  the  values  fomid  at  the  second  operation  will 
be  sufficiently  correct  for  all  practical  purposes. 

It  has  been  already  observed  that,  for  orifices,  it  is. 
advisable  to  find  the  discharge  from  a  formula  in 
which  only  one  head,  that  at  the  centre,  is  made 
use  of;  and  though  Table  IY.,  as  shall  be  shown,. 
enables  us  to  calculate  the  discharge  with  facility  from 
either  formula,  it  will  be  of  use  to  reduce  equation 
(88)  to  a  form  in  which  only  the  head  {h)  at  the  centre 
is  used.  The  error  in  so  doing  can  never  exceed  six 
per  cent.,  even  at  small  depths,  equation  (31),  and  this^ 
is  more  than  balanced  by  the  obsen'ed  increase  in  the 
coefficients  for  smaller  heads. 

The  formula  for  the  discharge  from  an  orifice,  /<> 
being  the  head  at  the  centre,  is 

i>  =  c^VYgJ  X  A  ; 
and  when  the  additional  head  h^^,  due  to  tlie  velocity  of 
approach,  is  considered, 

which  may  be  changed  into 

(41,)»  D  =  A^2jli  X  '•a  {  ^  +  )*  V' 

*  See  equation  (41  a),  Section  YII.  infra. 
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equation  (89),  for  notches,  may  be  also  changed  to  the 
form 

<42.)     i>  =  iW2i¥,xe,{(l+|-)^-{*^)^}; 

this  is  similar  in  every  way  to  the  equation 

<43.)    i>  =  W27dX<-d{(n-^)'-(^*)-}, 

for  the  discharge  from  a  rectangular  orifice  whose 
<lepth  is   rf,   with  the   head   At»  ^^  the   upper   edge. 

Table  III.  contains  the  values  of  J   1  +  --   {-  *  in 

(.         k    J 

equation  (41),  and  Table  IV.  the  values  of 

A.+  |»  ^^  -  (A»  y  in  equation   (42),  or  the   similar 

expression  in  (48),      *  or-i  being  put  equal  to  n;  and 

/tb      d 

it  may  be  perceived  that  the  effect  of  the  velocity  of 
ni)proach  is  such  as  to  increase  the  coeflScient  from  c^ 

to  Cd  i  1+7^  J  ^or  orifices  sunk  some  distance  be- 
low the  surface,  in  which  h  is  tlie  depth  of  the  centre  of 
the  orifice ;  and  into 

for  weirs  when  h^  is  the  height  due  to  the  velocity  of 
approach,  and  Ab  the  head  on  the  weir.  A  few  ex- 
dimples,  showing  the  aj)plication  of  the  formul©  (41), 
(42),  and  (48),  and  the  application  of  Tables  I.,  II. , 
III.,  and  IV.  to  them,  will  be  of  use.  Suppose, 
for  the  present,  the  velocity  of  approach  v^  to  be 
given,  and  no  extra  head  required  to  maintain  it 
through      the      orifice  :     in      other     words,      when. 
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*»  =  2^*9563  ~  '^■^'^ ^*  ^  ^®^*  measures  nearly. 

Example  I.  A  rectangular  orifice,  12  zrzcfte«  wide 
by  4  incA€«  d€^^,  has  its  centre  placed  4  feet  helow 
the  surface,  and  the  water  approaches  the  head  with 
a  velocity  of  28  inches  per  second ;  what  is  the  dis- 
charge ? 

For  an  orifice  of  the  given  proportions,  and  sunk 
to  a  depth  nearly  four  times  its  length,  find  from 
Table  I. 

c,=:«i+:f»7^-621neai'ly. 

As  the  coefficient  of  velocity,  equation  (2),  for  water 
flowing  in  a  channel  is  about  '956,  find  from  column 
No.  8,  Table  H.,  the  height  h^=l^  =  1-125  inch 
nearly,  corresponding  to  the  velocity  28  inches.  Equa- 
tion (41), 

i>=Av/27AXCd  {  1+^1* 
now  becomes 

D=:12x4>v/2^t  x-621  I  1  +-\J??  |t 

Also  find  V2gh  =192-6 inches,  when  h=48  inches, 
in  Table  n. ;  therefore 

D=12x4xl92-6x-62lj  l+i^2?|^ 

=9244-8  X -621  {1  +  •0284}i  =  92448 x '621  x  1-0116, 

(as  {l-0284}2zz:10116  from  Table  IIL)=9244-8  X  -628 
nearly  =  5805-7  cubic  inches  =  8*86  cubic  feet  per 
second.  Or  thus :  The  value  of  '621  x  (1-0284) 
being  found  equal  '628,  d=a  X  -628\/ 2 g  x  48.  Now 
for  the  coefficient  '628,  and  7«=48  inches.  Table  If. 
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gives  us  '628  \/2  ^  X  48  =  120-96  inches ;  hence  d  = 
12  X  4  X  120-96  =  5806-08  cubic  inches  =  8-86  cubic 
feet,  the  same  as  before,  the  difference  of  *38  in  the 
•cubic  inches  being  of  no  practical  value. 


r? 


{ 


If  h^  be  found  from  the  formula  h^^^  — •    ,  then  is 

7/^=2'6  inches,  and  the  discharge  becomes  d=8'40 
«ubic  feet  nearly. 

K  the  centre  of  the  orifice  were  within  1  foot  of  the 
•sm-face,  the  effect  of  the  velocity  of  approach  would  be 
much  greater ;  for  then 

^-a  X  I  1  +^J^  I  *  =  (from  Table  I.)  '628 

1  +^2^  j  ^  =  (from  Table  III.)  -628  x  1-047= 

^652  instead  of  '628.    In  this  case  the  discharge  is  d  = 

12x4x  -652  V2y>ri2=12  x  4  x  •652x96-8  (from 
Table  II.)  =  12  X  4  X  62-8  =  8014-4  cubic  inches  = 
1"744  cubic  feet  per  second.     Or  find  the  value  of  -652 

V2  fy  /t  directly  from  Table  II.  thus  : 

The  value  of  -628  V  2  (7  x  12  =:  60-48     -628 

The  value  of  '666  V  2  //  x  12  =  64-14     -652 

""88  \  ~¥m  :  :~"24  :  2-81. 

Hence  -652  V  ^Jh  =  60-48  +  2-81  =  62-79,  and  the 
discharge  =  12  x  4  x  62*79  x  8018*92  cubic  inches  = 
1-744  cubic  feet  per  second,  the  same  as  before. 


..8 


If  hf^  be  taken  equal  to      *    =2-6  inches,  then  the 

resulting  value  of  d  =  1-888  cubic  feet  nearly. 

Example  II.    A  rectangular  notch,  7  feet  long,  hat 
u  head  of  8  inches  meamred  at  ahmit  4  feet  above  the 
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<rest^  and  the  water  approaches  the  over-faJl  with  a 
velocity  of  16 J  inches  per  second;  what  is  the  dis- 
cliarge  ? 

For  a  still  head  assume  Cd  =  '628  in  this  case,  and 
then  from  equation  (42) 

.  =  |.,/ip,x.{(l+^)<-(|.)l). 

As  in  the  last  example,  find  from  Table  II.  (h^)  the 
height  due  to  the  velocity  of  approach  (16^  inches)  to 

be  -  =  8*875  inch,  assuming  the  coefficient  of  velocity 

to  be  -956.    Therefore,  A.  =  -375,  h^  =8,  Cd  =  "628, 

and  A  =  7  X  12  X  8  ;    or  for  measures  in  feet  r-^ 

=  •047,  ftb  =  T>  and  A  =  7  x  - ;  hence 

S  3 

D=l X 7  X  y  /  2  ^  X 1  X  -628 1  (1-047)*  -  (•047)« | . 
The  value  of   (1-047)*  -  ('047)*  will  be  found  from 

Table  IV.  equal  to  1*0612;  the  value  of  V  2  g  x- 

will  be  found  from  Table  II.  equal  to  6*552,  viz.  by 
dividing  the  velocity  78-680,  to  be  found  opposite  8 
inches,  by  12 ;  hence 

D=4x7x4x  6-552  X  -628  x  1-0612 
=  4  X  7  X  4-868  X  -628  x  1-0612 
=  1  X  7  X  4*868  X  '666  nearly. 
=  4  X  7  X  2-909  =  7  X  1-989 

3 

=  18-673  cubic  feet  per  second  =  814-38  cubic  feet 
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per  minute.  Or  thus :  From  Table  VI.,  when  the 
coefficient  is  '628,  the  discharge  from  a  weir  1  foot 
long,  with  a  head  of  8  inches,  is  fomid  to  he  109*781 
cubic  feet  per  minute.     The  discharge  for  a  weir  7  feet 

long,  when  %  =  -047  is   therefore   109-731  X  7  x 

h 

1*0612  =  815*12  cubic  feet  per  minute.    The  difference 

between  this  value  and  that  before  found,  814*38  cubic 

feet  is  immaterial,  and  has  arisen  from  not  continuing 

all  the  products  to  a  sufficient  number  of  places   of 

decimals. 

T£h^=  -_%-  =  -87  inch,  then  d  =  14*5  cubic  feet 
2gcl 

per  second,  or  870  cubic  feet  per  minute  nearly. 

In  equations  (36)  and  (37),  the  relations  between  tlie 

channel,  orifice,  velocity  of  approach,  and  velocity  in 

the  orifice,  are  pointed  out,  viz., 


A 


t\=  -  X  Vol  and  h,,  =   «  X 


^'        t^o  _     d' 


in  which  //.  =  -- 

(neglecting,  for  the  present,  the  coefficient  of  velocity 
in  passing  through  the  orifice).     As  Vq  is  the  actual 

velocity  in  the  orifice,  -**  must  be  the  theoretical  velocity 

due  to  the  head  h  +  h^^  and  therefore 

h  +  K  =    ,  ^^^      ,and/t=-,-ii— ^  ^; 
c5x2(7'  4x2(7     .2/ 

hence 

A       _!!L.  — 1      ^'2""<4^i      c*  — 4-^**       ri""A-* 
tixcj 
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And  therefore 
(44.) 


K  —         d  A* Cl 


h       c?  —  cj  A*       m*  —  4 
substituting  this  value  in  equations  (41)  and  (42),  there 
results 

n  =  AV27rx.a{l+^J*or, 

in  which  wi  =  — ,  for  the  discharge  from  an  orifice  at 
some  depth ;  and  for  the  discharge  from  a  weir, 
(46.)    .  =  iV27irxca{(l  +  ^j)- 

The  last  two  equations  give  the  discharge  when  the 
ratio  of  the  channel  to  the  orifice  -  =  m  is  known,  when 

A«  =  _iy  and  when  at  the  same  time  the  whole  quantity 

of  water  passing  through  the  orifice,  that  due  to  the 
velocity  of  approach  as  well  as  that  dm  to  the  pres- 
sure, is  supposed  to  suffer  a  contraction,  whose  coefficient 
is  c^. 

When  \  =- — *  -J-,  that  is  when  the  velocity  of 

approach,  v^,  passes  through  the  orifice  without  con- 
traction, we  shall  get 

(44a.)  ?^=        "^  ^  *      • 


fc  ""  rj  -  rj  ""  c»  -  A*  ""  m«  -1 

H 
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consequently,  in  this  case,  equation  (45)  becomes 
<46a.)  D  =  A  V^Ta  X  Cd  X    I  1  + -,^_^  y~ 

and  equation  (46)  in  like  manner  changes  into 
<46a.)  D  =  I  A  vA27a;  X  ca  X     |  (l  +  _i_  )i 

The  last  multipliers  of  these  two  equations, 

the  same  as  the  like  multipliers  in  (45)  and  (46),  when 
Cd,  within  the  brackets  =  1 ;  consequently  their  values 
are  at  once  found  from  the  coeflScient  unity,  1,  in  the 
last  page  of  Table  V.,  for  the  respective  values  of 

C  hi 

m  =  -;  and  also  for  those  of  ~  =  — = .     When 

A*  h^      m^  —  1 

Q  =  1,  equations  (45)  and  (45a)  may  be  changed  into 

the  particular  case 


(    ^nh    U 


i 


which  is  the  equation  of  Daniel  Bernoulli. 
When  A  =  c,  or  the  orifice  is  equal  to  the  channel^ 

then  — « becomes  infinite,  and  hence  h  must  be  zero. 

m^  —  1 

Indeed,  this  assumption  cannot  be  made  consistently, 

for  any  given  depth  of  water ;  and  tlie  ratio  m  can  never 

become  so  small  as  unity.    A  full  discussion  of  the 
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theoretical  qaestion  would  be  out  of  place  here.  It  is 
only  necessary  to  observe,  that  the  two  last  columns  in 
Table  Y.  give  the  multipliers  of  c  in  equations  (45a) 

and  (46a)  1^  find  the  coefficients  suited  to  -  =  m,  which 

in  practice  should  seldom  or  never  be  less  than  2. 

If  »=—^^,  the  values  of  j  1  +  -^ — -X^' 

and   of  jl  +  -^A^  y  -  \^A-^  Y'  '^spec- 

tively,  can  be  easily  had  from  Tables  III.  and  lY. 
Table  Y.  has,  however,  been  calculated  for  different 
ratios  of  the  channel  to  the  orifice,  and  for  different 
values  of  the  coefficient  of  discharge.  This  table  gives 
at  once  the  values  of 

I         m*  —  c|  J  I  \  m*  —  Cd  / 


\wr^j) 


as  new  coefficienta,  and  the  corresponding  value  of 

^and  ^=_fL^ 
h  Ab      m*  —  4 

in  equations  (44)  and  (46). 

It  is  equally  applicable,  therefore,  to  equations  (41) 

and  (42)  as  to  equations  (45)  and  (46).    For  instance, 

here  at  once  is  found  the  value  of  "628  x  {  (1*047)«  — 

(-047)*}  in  Example  II.,  p.  95,  equal  to  -666,  as  ^  = 

K 

'047,  and  the  next  value  to  it  for  the  coefficient  *628, 
in  the  table,  is  '046,  opposite  to  which  is  found  *666, 
the  new  coefficient  sought.  The  sectional  area  of 
the  channel  in  this  case,  as  appears  from  the  first 

B  2 
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column,  must  be  about  three  times  that  of  the  weir  or 
notch. 


When   ?»  =  -_i 

K       m*  -  1 


.2   _ 


then    in   Ex- 


)  -  (fe)' = "^- 


AMPiiE  II.  'J±  =  '11  and  (l  + 

Table  IV.  (or  Table  V.  for  the  coefficient  1).  Hence 
in  this  case  '628  X  1-138  =  '712  the  new  coefficient 
suited  to  the  velocity  of  approach.     Here  of  course  h^  = 

g-^  (see  Note,  p.  89). 

Table  V.  is  calculated  from  coefficients  c^,  in  still 
water,  which  vary  from  '550  to  1.  Those  from  '606 
to  '650,  and  the  mean  value  '628  are  most  suited  for 
application  in  practice.  When  the  channel  is  equal 
to  the  orifice,  the  supply  should  equal  the  discharge, 
and  for  open  channels,  with  the  mean  coefficient 
•628,  we  find,  accordingly,  from  the  table,  the  new 
coefficient  1*002  for  weirs ;  or  1  very  nearly  as  it 
should   be.      It  is   also    found   in   the   same    case, 

viz.,  when  a  =  c,  and 
Cd  =  '628,  that  for  short 
tubes,  Fig.  13,  the  resulting 
new  coefficient  becomes  '807. 
This,  as  will  afterwards  be 
seen,  agrees  very  closely 
with  the  experimental  results.  When  the  coefficients 
in  still  water  are  less  than  '628,  or  more  correctly 
•62725,  the  orifice,  according  to  this  formula,  cannot 
equal  the  channel  unless  other  resistances  take  place, 
such  as  from  friction  in  tubes  longer  than  one  and  a 
half  or  two  diameters,  or  in  wide-crested  weirs.    For 
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greater  coefficients  the  junction  of  the  short  tube  with 
the  vessel  most  be  rounded,  r 
Fig.  14,  on  one  or  more 
aides ;  axid  in  weirs  or 
Dotches  the  approaches 
most  slope  from  the  crest 
and  ends  to  the  bottom  and 
sides,  and  the  overfall   be  L 

sudden.  The  converging  form  of  the  approaches  must, 
however,  increase  the  velocity  of  approach ;  and  there- 
fore ff,  is  greater  than  ~  x  «„  when  c  is  measured  be- 
tween r  o  and  B  o.  Fig.  14,  to  find  the  discharge,  or 
new  coefficient  of  an  orifice  placed  at  r  o. 

As  the  coefficients  in  Tabix  V.  are  best  suited  for 
orifices  at  the  end  of  short  cylindi-ical  or  prismatic 
tab^  at  right  angles  to  the  sides  or  bottom  of  a  cistern, 
a  correction  is  required  when  the  junction  is  rounded 
off  as  at  R  o  r  o,  Fig.  14.  When  the  channel  is  equal 
to  the  orifice,  the  new  coefficient  in  equation  (45) 
becomes 

The  velocity  in  the  short  tube  Fig.  14  is  to  that  in 
the  short  tube  Fig.  13  as  1  to  c^  ■{  ,  _  t  f  *  nearly,  or 

for  the  mean  value  c^  =  '628,  as  1  to  'SOT.     Now,  as 

"  .  V 

—  is  assomed  equal  to  — ?  in  the  cylindrical  or  pris- 
matic tube,  Pig.  18,  — 7 —  =:  -p  in  the  tube  Fig.  14 
with  the  rounded  junction,  for  v^  becomes  .^^ ;  hence. 
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in  order  to  find  the  discharge  from  orifices  at  the  end 
of  the  short  tube,  Fig.  14,  it  is  only  necessary  to  mul- 
tiply the  nmnbers  representing  the  ratio  -  in  the  first 
column,  Table  V.,  by  '807,  or  more  generally  by  c^ 

-|  ^  _^  a  >  *,  and  find  the  coefficient  opposite  to  the 
product.      Thus  if  c^  =  "628,  then,  when  -  =  1,  c^  x 

I  j3^2 1  ^  =  -807  in  the  table.      If,  again,  |    =    8, 


«^o 


then  8  x  '807,  =  2-421,  the  value  of  --  for  the  tube 


^a 


Fig.  14,  and  opposite  this  value  of  -,  taken  in  column 
1,  there  is  found  '661  for  the  new  coefficient.  For  the 
cylindrical  or  prismatic  tube,  Fig.  18,  the  new  coeffi- 
cient would  be  only  '642.    When  the  head  h^  is  how- 

ever  equal  to    ^   *^  a  the  results    must    be    modified 

accordingly  (see  Note,  p.  89).*  When  h  is  measured 
from  still  water  in  a  cistern.  Figs.  18  and  14,  and  t^i^ 
the  velocity  of  approach  at  c,  in  a  short  tube,  inserted 
at  the  sides,  or  bottom,  then  we  must  take  h  —  \iov 
the  head,  A. 

*  Professor  Rankine  gives  the  value  of  the  coefficient  of  dischaige, 

or  contraction,  for  varying  values  of  A  and  c  at  a  diaphragm  in  a  pipe 

by  the  empirical  formula 

•618 


(1-618  x^,)^ 


A  A 

When  ~  =  0,  £4  =  *618 ;  and  when  -  =  1,  c^  =  1 ;  as  it  should  be 

very  nearly  for  an  orifice  in  a  thin  plate,  to  which  only,  and  to  an 
orifice  A  at  the  end  of  a  short  tube,  Fig.  14,  the  formula  is  suited  (see 
Section  X). 
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DIFFERENT  EFFECTS  OF  CENTRAL  AND  MEAN  VELOCITIES 
IN  A  SHORT  TUBE  AND   CHANNEL. 

There  is,  however,  another  element  to  be  taken  into 
consideration^  and  which  it  is  necessary  to  refer  to 
more  particularly  hereafter.  It  is  this,  that  the  central 
velocity,  directly  facing  the  orifice,  is  also  the  maximiiTn 
velocity  in  a  short  tube,  and  not  the  mean  velocity. 
The  ratio  of  these  velocities  is  1 :  *8S5  nearly ;  hence, 

in  the  example,  p.  102,  where  -  =  8,  we  get  8  x  '885 

=  2'505  for  the  value  of  -  in  column  1,  Table  V., 

opposite  to  which  is  found  *649,  the  coefficient  for  an 
orifice  of  one-third  of  the  section  of  the  tube  when 
cyUndrical  or  prismatic.  Fig.  18 ;  and  8  x  '885  x 
•807  =  2"02  nearly,  opposite  to  which  we  shall  get 
'661  for  the  coefficient  when  the  orifice  is  at  the  end 

of  the  short  tube.  Fig.  14,  with  a  rounded  junction. 

o  c 

Therefore,  -   x    '885  equal  to   the  new  value  of  - 

for  finding  the  discharge  from   orifices  at  the  end 

of  cylindrical  or    prismatic  tubes,  and  -    x    '885 

X   '807  =  7   X    '67  nearly  for  the  new  value  of 

-  when  finding  the  discharge  from  orifices  at  the 

end  of  a  short  tube  with  a  rounded  junction. 

The  ratio  of  the  mean  velocity  in  a  tube  to  that 
facing  the  orifice  cannot  be  less  than  '886  to  1,  and 
varies  up  to  1  to  1 ;  the  first  ratio  obtaining  when 
the  orifice  is  pretty  small  compared  with  the  section  of 
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the  tabe,  and  the  other  when  they  are  equal.     If  the 

curve  D  Cy  whose  abscissae  (a  h)  represent  the  ratio  of 

the  orifice  to  the 
section  of  the  tube, 
and  whose  ordi- 
nates  (6  c)  repre- 
sent the  ratio  of  the 
mean  velocity  in 
the  tube  to  that 
facing  the  orifice,  be 

supposed  to  be  a  parabola,  then  the  following  values 

are  found : — 


Batio  of  the  orifice 

Ratio  of  the  mean 

to  the  channel,  or 

Taluea  of                    Va 

lues  of 

Tclocil^  of  approach 
in  a  tu  be  or  cbaxinel 

A         Ah 

dc 

to  that  directly  op- 

poeito  the  orifice. 

0          AB 

or  values  of  6  c. 

•0 

165 

•835 

•1 

168 

•837 

•2 

168 

•842 

•8 

150 

•850 
•861 

•4 

139 

•6 

124 

•876 

•6 

106 

'894 

•7 

-084 

•916 

•8 

059 

•941 

•9 

081 

•969 

10 

000 

1-000 

These  values  of  &  c  are  to  be  multiplied  by  the  cor- 
responding ratio  -  in  order  to   find  a  new  value, 

opposite  to  which  will  be  found,  in  the  table^  the 
coefficient  for  orifices  at  the  ends  of  short  prismatic 
or  cylindrical  tubes ;  and  this  new  value  again  mnl- 
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tipKed  by  '807,  or  more  generally  by  c^  j- ^   *,  will 

give  another  new  value  of  -,  opposite  to  which,  in  the 

table,  will  be  found  the  coefficient  for  orifices  at  the 
ends  of  short  tubes  with  rounded  junction. 

Example  III. — 
}Vhat  shall  he  the 
discharge  from  an 
orifice  a,  Fig.  16, 
2  feet  long  by  Ifoot 
deepfWhen  the  value 

Q 

of  -  is  3,  and  the 


depth  of  the  centre 
of  a1  foot  6  inches 
below  the  surface  } 

The   theoretical  discharge  isD  =  2xlx 

(Table  II.)  =  2  x  9'829  =  19-658  cubic  feet  per 
second.  From  the  table  on  last  page  the  coefficient 
for  the  mean  velocity,  facing  the  orifice,  is  about  "86  ; 

86  =  8  X  -86  =  2-58.     If  the  coefficient 

be  taken  from  Table  I.,  it  is  found  (opposite  to  2, 
the  ratio  of  the  length  of  the  orifice  to  its  deptli) 
to  be  '617 ;  and,  for  this  coefficient,  opposite  to  2*58, 
in  Table  V.,  or  the  next  number  to  it,  the  required 
coefficient  '686  is  found ;  hence  the  discharge  is  *686 
X  19-658  =  12-502  cubic  feet  per  second.  If  the 
coefficient  in  still  water  be  taken  at  -628,  then  we  shall 
obtain  the  new  coefficient  -647,  and  the   discharge 

*  See  pp.  97  and  98,  with  reference  to  the  modifications  of  eqnationa 
(45)  and  (46)  into  (45a)  and  (46a)  suited  to  A.  »  ~i~; 
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would  be  -647  x  19-668  =  12-719  cubic  feet.  If  the 
junction  of  the  tube  with  the  cistern  be  rounded,  as 
shown  by  the  dotted  lines,  then  multiply  2*58  by  "807, 
■which  gives  2*08  for  the  new  value  of  -,  opposite 
which,  in  Table  V.,  when  the  first  coefficient  is  •628, 
the  new  coefficient  '669  is  found ;  and  the  discharge  in 
this  case  would  be  "659  x  19-658  -  12-955  cubic  feet 
per  second. 

1       It  is  not  necessar}- 
•    to  take  out  the  coeffi- 
cient of  mean  velocity 
,    facing  the   orifice   to 
:    more  than  two  places 
'    of  decimals.     For 
gauge  notches  in  thin 
Opiates     placed     in 
streams  and  millraces.  Fig.  17,  the  mean  coefficient 
■628,  for  still  water,  may  be  assumed  ;  thence  the  new 
coefficient  suited  to  the  ratio  —  may  be  found,  as  in 
the  first  portion  of  Example  III. 

When  /j,  is  taken  equal  to  a~~i  then  from  Table V. 
with  a  coefficient  of  1,  and  2*58  for  the  ratio  of  the 

channel  to  the  orifice,  the  value  of  ■!  1  H -— ■■  .   t ' 

t  m*  —  1  J 

in  equation  (45a)  is  1*085.      Hence  the  discharge  is 

19-658  X  -617   X    1-085  =  19-658  x  -6694  =  13-16 

cubic  feet  per  minute  Ln  this  case- 

ExAMPLE  IV.  What  shall  he  the  discharge  through 

(Ae  aperture  a,  equai  ifeet  by  Ifoot,  tvhen  the  channel 

is  to  the  orifice  as  8*875  to  1,  and  the  depth  of  the 
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centre  is  1*25  foot  below  the  surface,  taken  at  about  8 
feet  above  the  orifice  ? 

Here  the  coefficient  of  the  approaching  velocity  is 

•85  nearly,  whence  the  new  value  of  -  is  8*875  x  *85 

=  2*87 ;  and  as  c^  =  '628,  from  Table  V.  the  new 
coefficient  is  *644.    Hence 

D=  2  X 1  X  '^  X  -644  (Table  II.)=  2  x  8*972  x  -644 

=  17*944  x  •644  =  11*656  cubic  feet  per  second. 
Weisbach  finds  the  discharge,  by  an  empuical  formula, 
to  be  11*81  cubic  feet.  If  the  coefficient  be  sought  in 
Table  I.,  it  is  *617  nearly,  from  which,  in  Table  V., 
the  new  coefficient  is  found  to  be  *682 :  hence  17*944 
x  ^682  =  11^841  cubic  feet  per  second.  If  the  co- 
efficient '6225  were  used,  the  new  coefficient  equals 
•638,  and  the  discharge  11*468  cubic  feet.  Or  thus : 
The  ratio  of  the  head  at  the  upper  edge  to  the  depth 

9 

of  the  orifice  is  -  =  '75,  and  from  Table  IV.  we  find 

13 

(1-76)1  -.  (-76)1  =  1-6665.  Assuming  the  coefficient 
to  be  *644,  find  from  Table  VI.  the  discharge  per 
minute  over  a  weir  12  inches  deep  and  1  foot  long 

which  is 1 =  206*884  cubic  feet  nearly ;  and 

as  the  length  of  the  orifice  is  2  feet,  then  «xao6-8Mxii»65 

=  11*482  cubic  feet  per  second,  which  is  the  correct 
theoretical  discharge  for  the  coefficient  *644,  and  less 
than  the  approximate  result,  11*666  cubic  feet  above 
found,  by  only  a  very  small  difference.  The  velocity 
of  approach  in  this  example  must  be  derived  from  the 
surfeure  inclination  of  the  stream. 

When  fe»  =  .    *  . .  then  with  a  coefficient  1  and  2*87 
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for  the  value  of  ~  the  last  page  of  Table  V.  gives  1*067, 

by  interpolation,  for  the  value  of  -<  1  H ^ ^  \  - 

I  wi   —  1  j 


m 

in  equation  (45a)  see  pp.  112  and  118.  Hence  the 
discharge  is  17'944  x  "628  x  1-067  =  17'944  x 
•670  =  12-02  cubic  feet  per  second. 

For  notches,  or  Poncelet  weies,  the  approaching 
velocity  is  a  maximum  at  or  near  the  surface.  If  the 
central  velocity  at  the  surface  facing  the  notch  be  1, 
the  mean  velocity  from  side  to  side  will  be  '914. 
Assume  therefore  the  variation  of  the  central  to  the 
mean  velocity  to  be  from  1  to  '914 ;  and  hence  the 
ratio  of  the  mean  velocity  at  the  surface  of  the  channel 
to  that  facing  the  notch  or  weir  cannot  be  less  than 
•914  to  1,  and  varies  up  to  1  to  1;  the  first  ratio 
obtaining  when  the  notch  or  weir  occupies  a  ven' 
small  portion  of  the  side  or  width  of  the  channel,  and 
the  other  when  the  weir  extends  for  the  whole  width. 
Following  the  same  mode  of  calculation  as  at  p.  104, 
Fig.  15,  the  following  results  will  be  obtained  : — 


Ratio  of  the  width 

of  the  notch  to 

the  width  of 

the  channel. 

Values  of 
Fig.  15. 

Values  of 
Fig.  16. 

•0 
•1 
•2 
•3 
•4 
•5 
•6 
•7 
•8 
•9 
10 

•086 
•085 
•083 
•078 
•072 
•064 
.     -055 
•044 
•081 
•016 
•000 

■914 
•915 
•917 
•922 
•928 
•936 
•945 
•956 
•969 
•984 
1-000 
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These  values  of  &  c  are  to  be  used  as  before^  in 

order  to  find  the  value  of  -,  opposite  to  which  in  the 

tables,  and  under  the  heading  for  weirs,  will  be  found 
the  new  coefficient. 

Example  V.  The  length  of  a  weir  is  10  feet ;  the 
width  of  the  approaching  channel  is  20  feet;  the  head, 
meamred  about  6  feet  above  the  weir,  is  9  inches; 
and  the  depth  of  the  channel  8  feet:  what  is  the 
discharge  ? 

Assuming  the  circumstances  of  the  overfall  to  be 
such  that  the  coefficient  of  discharge  for  heads, 
measured  from  still  water  in  a  deep  weir  basin  or 
reservoir,  is  '617,  then  from  Table  VI,  the  discharge 
is  128-642  X  10  =  1286*42  cubic  feet  per  miiyite ;  but 
from  the  smallness  of  the  channel  the  water  approaches 

O  90  X    3 

the  weir  with  some  velocity,  and  -  =  ^-—3  —  8.  Also 

the  width  of  the  channel  is  equal  to  twice  the  width  of 
the  weir,  and  hence  (small  table,  p.  108,)  8  x  *986 

=  7"488  for  the  new  value  of  -•     From  Table  V.  is 

-882  +  ieM 

now  found  the  new  coefficient — - —  =  '628,  and  hence 

1386*42  X  "SS 

the  discharge  is  — ^j; —    =   1298'93    cubic  feet  per 

minute.  Or  thvs:  As  the  theoretical  discharge. 
Table  VI.,  is  2084*96  cubic  feet,  then  2084-96  x 
'623  =  1298*93,  the  same  as  before.  In  this  example, 
however,  the  mean  velocity  approaching  the  overfall 
bears  to  the  mean  velocity  in  the  channel  a  greater 
ratio  than  1  :  -936,  as,  though  the  head  is  pretty  large 
in  proportion  to  the  depth  of  the  channel,  the  ratio  of 
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the  sections  ~  =z  1  is  small.     It  is  therefore  more 

o       ** 

correct  to  find  the  multiplier  from  the  small  table, 

p.  104.     By  doing  so  the  new  valae  of  7  is  8  x  *838 

=  6*704.  From  this  and  the  coefl&cient  '617  we 
shall  find,  as  before  from  Table  Y.,  the  new  coeffi- 
cient to  be  -627 ;  hence  2084-96  x  -627  =  1807-27 
cubic  feet  per  minute  for  the  discharge. 

The  foregoing  solution  takes  for  granted  that  the 
velocity  of  approach  is  subject  to  contraction  before 
arriving  at  the  overfall,  or  in  passing  through  it ;  now, 
as  this  reduces  the  mean  velocity  of  approach  from  1 
to  -784,  Table  V.,  when  the  coefficient  for  heads  in 
still  water  is  *617,  it  is  necessary  to  multiply  the  value 

of  -  =  6-704,  last  found,  by  -784,  and  then  6-704  x 

"784  =  6-26  is  the  value  -  due  to  this  correction,  from 

which  the  corresponding  coefficient  in  Table  V.  is 
found  to  be  -629,  and  hence  the  corrected  discharge  is 
2084-96  X  -629  =  1311-44  cubic  feet. 
By  using  equation  (46a)  in  the  preceding  example, 

the  value  of  (1  +  iji^ -{:J^^  ^^^  I  =  »»  = 

7-488  is,  from  the  last  columns  of  Table  V.  for  a  co- 
efficient unity,  1*025.  Hence  the  discharge  is  2084*96 
X  -617  X  1-025  =  2085   x  -682  =  1818  cubic  feet 

per  minute  in  round  numbers.    If  -  were  taken  equal 

to  6-704,  then  equation  (46a)  would  become  2085  x 

•617  X  1-081  =  2086  x  -636  =  1326  cubic  feet  nearly. 

Ituiiohe  home  in  mind  that  the  value  of  the  ratio 

-  in  Table  V.  is  simply  an  approximate  value  for  the 
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ratio  of  the  velocity  in  the  channel  facing  the  orifice  to 
the  velocity  in  Vie  orifice  itself,  and  that  large  differences 
of  value  do  not  always  affect  the  coefficient  of  discharge 
materiaUy.  The  cotrectioQS  applied  in  the  foregoiDg 
examples  vere  for  the  purpose  of  finding  this  ratio  of 
velocity  more  correctly  than  the  simple  expression  — 
gives  it.  The  ratio  of  h^  to  hi,  also  may  sometimes 
vary  very  considerably  without  materially  affectii^  the 
value  of  Cii  for  instance,  if  Cj  =  '628  for  still  water, 
the  change  of  ■—  from  0  to  '046,  and  of  —  from  infinity 

to  3  causes  a  variation  of,  only,  from  '628  to  '642  for 
orifices,  and  to  "666  for  notches,  which,  practically,  does 
not  exceed  six  per  cent.     The  following  auxiliary  table 


AmOUAST  TABLB,  TO  BE  trBBD  WITB  TABLE  V.   FOR  HOSB   K 
miDINO    THE     COErFlClE:<T     < 

KfOATlOSB  (45a)  AKD  (4Sa). 


IT 

^  1 

■3  1 

II 

5 

1 

i 

a£S'SL;Krcr,s.''~«*""— • 

•  i 

Oo«B- 
■839 

OOBID- 
dsnt 
■82S 

CoeiB- 
■617 

OosBl- 
Bleiit 
-608 

■69G 

C«ffl- 

(HGDt 

■68* 

C«ffl- 
mmt 
■673 

■0 
■1 
-2 

■s 

■4 

1 

•8 
■B 
1*0 

1 

635 
SS7 
848 
850 
861 
87S 
894 
918 
941 
908 
000 

■89 

■70 
■70 
■71 
■72 
■73 
7* 
-76 
■78 
■81 
■831 

■87 
■88 
■68 
■69 
■89 
11 
■72 
-74 
-78 
■78 
■807 

85 
68 

66 
67 
6S 
69 
70 
72 
74 
78 
78* 

84 
64 
84 
6G 

63 
87 
88 
70 
72 
74 
762 

82 

62 
62 
63 
84 
85 
88 
88 
70 
72 
740 

60 
80 
61 
81 
82 
83 
8* 
66 
68 
70 
719 

68 
69 
E9 
69 
80 
61 
82 
84 
86 
■68 
689 
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finds  the  correction,  and  thence  the  new  coefficient, 
with  facility.  Thus,  if  the  channel  be  five  times  the 
size  of  the  orifice,  and  a  loss  in  the  approaching  velocity 
lakes  place  equal  to  that  in  a  short  cylindrical  tube, 

then  5  X  '842  =  4*210  is  the  new  value  of  -,  opposite 
to  which,  in  Table  V.,  will  be  found  the  coefficient 
sought.  If  the  coefficient  for  still  water  be  '606,  it  is 
found  to  be  '612  for  orifices  and  '623  for  weirs.  But 
when  the  water  approaches  without  loss  of  velocity, 

from  the  auxiliary  table,  '64  is  foimd  for  the  multiplier 

c 
instead  of  842,  and  consequently  the  new  value  of  - 

becomes  5  x  '64  =  8*2,  from  which  '617  is  found  to 
be  the  new  coefficient  for  orifices  and  '686  for  weirs. 
The  auxiliary  table  is  calculated  by  multiplying  the 
numbers  in  the  second  column  (see  third  column,  table, 

p.  104)  by  the  value  of  c    X  ■< -j  >■  ,  which  will  be 

found  from  Table  V.,  for  the  different  values  of  c^  m 

the  table,  viz. 

•689,  '628,  -617,  '606,  '595,  '584,  and  '578, 
'881,  -807,  '784,  '762,  '740,  '719,  and  '699, 

to  be  respectively,  as  given  in  the  top  and  bottom  lines 

of  figures. 

When  —5-^^ — 5  in  equations  (45)  and  (46)  is  equal  to 

—:^ r  in  equations  (45a)  and  (46a),  then  must  c^  =  1, 

imd  Cd  i  1  +  —^ — «  r  in  equation  (45)  becomes 
«qual  to   ■<  1  i-     g^     \     ^    equation    (45a) ;    and 
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^*{('  +  ^y-  (^,y  }-equation(46)also 

becomes  equal  to  {  (l  +  -,4:^)^-  (^)^  }    in 

equation  (46a) ;  and  therefore  the  coefl&cient  found  from 
the  last  three  columns  of  Table  V.  for  c^  =  1  will  give 
the  multiplier  for  c^,  outside  the  brackets,  in  (45a)  and 
(46a),  to  find  the  new  coefficients.  Thus  in  the  last 
example  m  =  5,  and  hence  Table  V.  for  c^  =  1,  is 

- (  a^.y }  =  1-055.    Hence  1-021  x  -606  =  '619 

nearly;  and  1*055  x  '606  =  •639  nearly,  the  new  co- 
efficients foimd  from  the  other  method  being  *617  and 
'636,  the  difference  by  both  methods  being  of  no  great 
practical  importance. 

It  is  necessary  to  observe,  that  in  equations  (45), 
(46),  (46a),  and  (46a),  the  head  due  to  the  velocity  of 
supply  or  approach,  h^.^  must  he  extra  to  the  head,  h,  in 
the  formula  imd  no  part  of  it :  and  that — as  is  indicated 
by  the  equations — m  can  never  be  so  small  as  unify,  for 

then  —5 zr  would  be  infinite.     These  equations  are, 

m*  —  1 

therefore,  only  strictly  applicable  to  orifices  in  the 
short  tubes.  Fig.  15  and  Fig.  16,  when  the  head  h^  due 
to  the  velocity  of  approach  is  included  in  the  head  h 
measured  from  still  water  in  a  large  cistern. 

The  initial  value  of  the  coefficient  of  discharge,  c^  it- 
self, varies  considerably  with  tl^e  position  and  form  of 
the  orifice ;  for  a  mean  value  of  '707  it  changes,  in 
equation  (45),  according  to  the  relation  of  c  and  a  into 
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'707 

— ^jTT ;  and  for  a  value  of  '618  for  an  orifice, 


i}  -  ''-^' 


central  in  a  thin  plate,  Professor  Bankine's  empirical 
formula^  note  p.  102,  is  in  practice  applicable. 


PRACTICAIi  FOBMXJLJE  FOR  THE  DISCHAR6K   OYER  WEIRS. 

In  order  to  reduce  the  preceding  formulfiB  for  weirs 
and  notches  to  some  of  the  forms  in  common  use,  with 
definite  combined  numerical  coefficients,  by  substituting 

8-026  for  V  2  flf,   equation   (89),   becomes  for  feet 

(A.)    D.  =  5-86  Cd  I  {(h  +  K)^  -  h^. 
For  inch  measures,  as  V  2  ^  =  27'8,  the  discharge, 
taken  also  in  cubic  feet,  becomes 

(B.)    D   =  -01072  Cd  1{{K-  h^i  -  hi\. 

When  the  length  I  is  taken  in  feet  and  the  depth  in 
inches,  it  is 

(C.)    D   =  -1287  Cd  I  {{h  -  hj  -  h)}' 

The  last  three  equations  being  for  seconds  of  time, 
when  the  time  is  taken  at  one  minute,  for  all  measures 
in  feet  the  discharge  in  cubic  feet  is 

(D.)    D   =  821  Cd  I  {(K  +  K)i  -  hJl 
This  when  c^  is  taken  at  '614  becomes 

(Dx.)  i>^=mi{(k],  +  hj-hi}. 

For  a  coefficient  of  *617 

(D,.)     D,  =  198  I  {(K  +  /O*  -  h}} 
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For  a  coefficient  of  '623 

(D3.)     D,  =  200  I  [{K  +  /gi  -  aJ}. 
For  a  coefficient  of  "628 

(D4.)    D,  =  201-6  I  {{K  +  K)^  -  aJ). 
For  a  coefficient  of  '648 

(D5.)     D,  =  208  I  {{K  +  hj  -  h%]. 
For  a  coefficient  of  '667 

(D«.)     i>.  =  214Z{(A,  +  A^)i-./iJj. 
For  a  coefficient  of  •712 

(D7.)     i>»  =  228-6  I  {Qi^  +  ftji  -  hi). 
And  for  a  coefficient  of  '810 

(Da.)     D.  =  260  I  {(A,  +  Aji  -  aJj. 
For  inch  measures  the  discharge  in  cubic  feet  is 
(E.)  •  D.  =  -6433  Cd  I  [{K  +  70*  -  Jih' 
And  for  lengths  {J)  in  feet  and  depths  {K)  in  inches 
the  discharge  also  in  cubic  feet  becomes 

(F.)     D,  =  7-72  Cd  I  {K  +  Aa)^  -  h}} . 

The  latter  equation,  when  the  coefficient  of  discharge, 
<'d.  is  taken  at  '614  becomes 

(d.  =  4-74  I  {A^  +  /tji  -  A^t},  and 

(Fi-)Jd  =  4-74  I  /if,  when  ihe  velocity  of  ap- 
t    proach  vanishes. 
For  a  coefficient  of  -617 

|d.  =  4-76  I  {{K  +  /0»  -  Al  },  and 

^»-)Jd  =  4-76  I  h}  when  the  velocity  of  ap- 
V    proach  vanishes. 

I  2 
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fFs.) 


(F4.) 


(F5.) 


For  a  coefficient  of  '623 

D^  =  4-81  I  {{K  +  fta)'  -  /'.'},  and 
D  =  4*81  I  h\  with  no  perceptible  approach^ 
For  a  coefficient  of  '628 

D.  =  4-85  I  {(/Zb  +  hj  -  h}},  and 

D  =  4'86  Z  ft  I  with  no  perceptible  approach. 

For  a  coefficient  of  '648 

D^=  5  1  {(hi,  +  ftj^  -  ft,5},  and 

jy  =  0  I  h^  with  no  perceptible  approach. 

For  a  coefficient  of  f  or  '667 

^^^   (d.  =  5-14  I  {(ft,  +  hj  -  ftj},  and 

[d  =  5'14  I  ftjl  with  no  perceptible  approacb. 
For  a  coefficient  of  "712 

[d  =  5*5  Z  ft,*  with  no  perceptible  approach. 
And  finally  for  a  coefficient  of  '81 

(d.  =  6-3  I  {(ftb  +  fta)'  -  fta'},  and 
(FsO  Jd  =  6*3  I  ft|  when  the  velocity  of  approach 

V    vanishes. 
The  theoretical  value  of  h^  in  each  of  the  foregoing 
equations  is  in  teims  of  the  velocity  of  approach  r^ 

^*»~2flf^ 
in  which  2  g  must  be  taken  equal  to  64*403  for  heads^ 
in  feet,  and  equal  to  772*84  for  heads  in  inches.  But 
it  is  evident  that  in  order  to  produce  the  velocity  per 
second  r.  passing  through  the  notch  with  a  nearly  still- 
water  basin  above  it,  that  ft  must  be  increased  from  iU. 
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tlieoretical  value  o*"  to  ^To""  »  ^  which  expression  c^ 

is  the  coefficient  of  discharge  due  to  the  particular 
notch,  or  weir,  and  its  attendant  circumstances; 
whence 

t:J     __  Theoretical  head 

Now,  unquestionably  the  most  general  coefficient  both 
for  notches  and  submerged  orifices,  in  thin  plates,  for 
l^auging  whether  triangular,  rectangular,  or  circular, 
is  '617,  when  the  orifice  or  notch  is  small  compared 
with  the  approaching  channel;  whence  for  measures  in 
feet 

\  =  -0408  ti,  and  v^  =  "4-95  vOTT 
For  measures  in  inches, 

K  =  '0084  1^,  and  v^  =  17*2  Vli^. 
And  for  measures  in  which  v^^  is  expressed  in  feet  per 
.second,  and  h^  in  inches 

/*,  =  -49  ti,  and  v^  =  1-43  s/T^, 
wliich  shows  that  half  the  square  of  the  approaching 
Telocity  in  feet  is  equal  to  the  head  h^  in  inches ;  very 
nearly.  By  substituting  these  values  of  h^,  found  in 
terms  of  the  approaching  velocity,  according  to  the 
standards  used  in  the  equations  from  (a)  to  (f)  inclu- 
sive, and  also  in  equation  (fj),  we  shall  be  enabled  to 
liad  the  proper  discharge  from  a  notch  in  a  thin  plate. 
The  values  of  h^,  as  given  above,  can  be  foimd  at  once 
in  inches  from  the  observed  values  of  i\,  to  be  also 
tiiken  in  inches,  for  coefficients  vai*ying  from  '584  to 
•974,  by  means  of  Table  II.  Thus,  with  a  coefficient 
of  •617,  we  shall  find,  for  an  approaching  velocity  of 
S6  inches  per  second,  that  fe»  becomes  4^  =  4*4  inches 
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nearly,  while  for  a  coeflScient  of  '666,  it  is  only  8J  ^= 
8"8  inches ;  and  for  a  coefficient  of  1,  the  theoretical 
head  is  but  IJ  =  1*7  inch  nearly. 

For  the  Tery  nature  of  the  case  the  approaching^ 
velocity  must  continue  nearly  unimpaired  through  the- 
notch  with  but  a  very  slight  reduction  arising  from  tbe- 
viscidity  of  the  water  when  it  enters  tlie  aperture,  an<l 
separates  from  the  lateral  fluid.  But  in  order  to  give^ 
this  unimpaired  velocity  by  means  of  an  extra  head  h^^ 
it  is  evident  tliat  h^  must  be  increased  above  the- 
theoretical  value  by  the  amount  due  to  the  coefficient, 
of  discharge  ;  or,  as  before  stated,  //»  must  be  increasea 

from  ^    to     ~2%   •      This  value   of  h^  is,   perhaps^ 

something  too  large,  owing  to  the  reduction  of  r^  at 
the  moment  it  enters  the  notch  and  is  acted  upon  by 
the  overfall,  drawing  it  away,  as  it  were,  from  the  lateral 
water  above  tlie  crest. 

The  numerical  results  of  the  respective  fonnulte  fronii 
(a)  to  (Fg),  inclusive,  can  be  obtained  by  modifying  tho 
form  as  in  equation  (42)  into 

h  \*        ih  \*  \ 


in  which  d  is  the  discharge  found,  when  tliere  is  no 
velocity  of  approach,  by  the  common  formn  =  5"85  x 

Cd  I  /*',  for  which  separate  values  ai-e  given  in  equn^ 
tions  from  (fi)  to  (Fg)  inclusive ;  and  numerical  values. 

in  Table  VI. ;  and  |(l  +  jff  -  (r)* }  a  multipUer 
suited  to  the  velocity  of  approach,  tlie  values  of  whick 
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can  be  found  from  Table  FV.  Suppose,  for  example, 
D  =  168'1  cubic  feet  per  minute,  h^  =  10  inches,  and 
/<«  =  4  inches,  which  is  that  due  to  an  approaching 
velocity  of  8  feet  per  second  with  a  coefficient  of  "648 ; 

then  the  multiplier  becomes  (1  +  '4)^  —  •4«  =  1*4035, 
Table  IY.  Hence  the  discharge  due  to  an  approaching 
velocity  of  8  feet  is  158-1  x  1-4085  =  221*9  cubic 
feet,  or  an  increase  of  about  40  per  cent.  Also,  if  the 
common  formula  were  used,  it  is  plain  that  the  coefficient 
"648  should  be  increased  to  '648  x  1*4085,  or  to  '909 
nearly,  which  approximates  within  10  per  cent,  of  the 
theoretical  value.      Nothing  can    show  more   clearly 

THE  NECESSITY  FOR  VARYING  THE  COEFFICIENTS  WHEN 
THE  ORDINARY  FORMULZB   ARE  USED,  EVEN  FOR  A   NOTCH 

IX  A  THIN  PLATE :  foT  other  notches  the  coefficients, 
even  for  still  water  above  the  crest,  vary  considerably. 
The  form  of  the  equation  used  by  D'Aubuisson  and 
several  other  writers  is 

D.  =  c  Z  VAJ  +  cvl  h% 
in  which  c  and  c  are  numerical  coefficients,  and  v^  the 
velocity  of  approach.  This  form  is  incorrect  in  prin- 
ciple»  although  the  values  of  c  and  c  can  be  so  taken 
as  to  give  resulting  values  for  d^  approximately  correct 
For  feet  measures,  and  time  in  seconds,  Professor 
Downing  makes,  after  D'Aubuisson,  p«  87  of  his 
translalion, 

D.  =  Q  X  6'86  I  V  Ab  +  •0S494  t;;  hi. 
Doctor  Bobinson*  gives  for  like  measures  and  time, 
values  varying  from 

*  Proceedings  Royal  Irieh  Academy,  vol.  ir.  p.  212.    *1895  vl  is 
nine  tones  the  theoretical  head,  and  too  much. 
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P.  =  8-55  I  V  Ab  +  -lags  vl  h\,  to 

D.  =  8-2  I  V  /ij  +  -1895  ti  hi 
Mr.  Taylor  finds  (for  the  Government  Referees,  see 
Report  on  the  Main  Drainage  of  the  Metropolis,  ISth 
July,  1858,  p.  82)  the  discharge  in  cubic  feet,  per 
minute,  when  the  depth  is  taken  in  inches,  and  the 
length  in  feet  to  be, 

D.  =  5-5  I  \/  hi  +  -BtiftS; 
and  the  Messrs.  Hawksley,  Bidder,   and  Bazalgette 
assume,  (p.  88  ibid,)  for  like  measures, 

D^  =  6  Z  V hi  -f  -1875  vlht 
which  they  consider  is  in  '' excess**'     The  following 
table,  copied  and  extended  from  the  report  just  re- 
ferred to,  shows  the  results  of  the  last  two  formuls, 
and  of  our  equations  (fk)  and  (F7),  in  which  the  depth, 


FormuliB. 

Mean  velocitiea  approaching  the  notch  in  feet 

per  second,  and  diachaxigea  In  euble  feet 

per  minute. 

0 

•6 

1 

1-5 

2 

2-5 

8 

1581 
158*1 

1&8-1 

173-9 

178-9 
178-9 

158-5 
150-8 

160 

1761 

176 
175-7 

159-5 
1621 

167 

178-S 

183 
180-8 

161-4 
166-8 

177 

188-5 

192 
188-9 

164 
173 

190 

190*1 

204 
199-8 

167 
180 

205 

198  "S 

218 
il3 

m 

189 

222 

207^ 

2M 
228 

B^nitton  (l)  when  the  headp'V 
K ,  due  to  the  Telocity  of  ap-  f 

theoretical  yalue  .               ,  J 

Equation  (r,)  when  the  head,  ^ 
km. ,  due  to  the  velocity  of  ap-  f 
proach  is  increased  for  the  oo- 1* 
effldent  of  Telocity  '648  .    .   J 

Equation (f,)  when  the  head,^ 
km ,  due  to  the  Telocity  of  ap- 1 
proach  is  taken  at  only  itsr 
theoretical  value  .              ,  J 

Equation  (r,)when  the  head'v 
due  to  the  Tolooif^  of  approach  f 
iM  inoreaeed  for  the  coefficient  f 
of  Telocity  -712 .              .    .  J 

D.trS-5VAt+'8»:H  .       . 
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7<bf  niust  be  taken  equal  to  10  inches,  and  the  length, 
/,  equal  to  1  foot. 

In  equations  (l)  and  (n)  we  can  get,  Table  II.,  the 
values  of  the  head,  7/^,  due  to  velocity  of  approach  r^, 
as  follows : 

r.  =   -5,      %      1-5,       %      2-5,    8-0  ;  in  feet  per  second. 

-/«.  =    -047,  -186,     -419,  "745,  1-16,  1 '68  ;  theoretical  head  in  inches. 

Then 

Jt^  =   -111,  -447,     -997,  1*77,  276,  4';  for  a  coefficient  of  '648, 

and 

A,  «  -093,  -866,     -838,  1'47,  2*29,  S'Sl  ;  for  a  coefficient  of  -712. 

^Vhence  as  A^  =  10  inches,  we  shall  have  in  equation 

'-  =   -oil,   -045,     -1,         -18,     -28,       -4 ;  for  a  coefficient  of  648, 

and 

'i  «  -009,  -037,     '083,     '15,       '23,     -33  :  for  a  coefficient  of  712  ; 


and  hence,  hy  means  of  Table  FV.  f  1  +  ,-*)  "~  (  r^)* 

becomes  of  the  following  respective  values  suited  to 
the  above  velocities, 

1*015,  1-059,  1-122,  1-205,  1-3,       1 '403  ;  for  a  coefficient  of '648, 

and 

1-013,  1-049,  1-104,  1-175,  1-254,  1-344  ;  for  a  coefficient  of '712. 

These  latter  values  multiplied,  in  order,  by  the  initial 
values  of  the  discharges,  158'1  and  173'9,  in  the  above 
table,  give  the  discharges  in  the  third  and  fifth  lines 
corresponding;  due  to  the  respective  velocities  of 
approach. 

The  accordance  between  the  results  in  the  last  two 
lines  of  the  table  is  remarkable.  Table  V.  shows 
that  if  the  coefficient  be  '667  when  the  water  above  the 
crest  is  still,  it  will  be  increased  to  *712  when  the  ap- 
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proaching  channel  is  about  1'83  times  the  section  of 

K 
the  water  in  the  notch,  and  this  only  when  r-  is  taken 

as  in  equation  (44),  If  the  arrises  of  the  two-inch 
thick  waste  board  be  rounded,  the  coefficient  must 
also  be  considerable,  although  uncertain ;  but  as  the 

equation  Di^  =  5*5  V  h\  +  '8  i\h\  appeal's  to  have  been 
framed  by  Mr.  Taylor,  to  express  special  experiments 
made  for  Mr.  Simpson,  in  which  the  quantities  varied 
from  5  to  152  cubic  feet  per  minute,  and  for  heads  on 
a  four-foot  weir  varying  fi*om  1  inch  to  8  inches,* 
it  must  be  concluded  that  the  coefficient  for  heads, 
measured  from  still  water  above  the  crest  in  those 
experiments  suited  to  the  foi*m  of  the  weii*  used,  and 
to  its  attendant  circumstances,  is  '712. 

Equations  (89)  and  those  from  (a)  to  (Pg)  may  be 
easily  changed  into  forms  in  which  only  the  depth  Ab> 
the  velocity  of  approach,  and  the  coefficient  of  velocity 
(in  this  case  equal  to  that  of  discharge)  c^,  are  intro- 
duced. It  is,  however,  only  necessary  here  to  reduce 
the  general  form  (a)  p.  114,  for  feet  measures,  which 

becomes,  after  substituting  for  h^  its  value  ^  ^^^  > 
and  making  some  reductions, 

P-=  ^—^  ^(^'^ '^^ *»>  +  ^2)5-  <}', 

and  for  time  in  minutes  the  discharge  is 


(A,. 


*  Vide  p.  22,  lietter  dated  16th  August,  1858,  from  the  Govern^ 
ment  Referees  to  the  Right  Hon.  Lord  John  Manners,  on  the  subject 
of  the  Metropolitan  J^Iain  Drainage. 
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<A,.)  D.  =  ^?-  I  {(64-4  i\  //b  +  t  J)»  -  fj} ; 

in  which  %\  still  continues  the  velocity  in  feet  per 
second,  as  determined  from  observation.  These  for- 
mula may  be  again  reduced  to  many  others.  If  /<|,  be 
taken  in  inches  {A^  becomes 

< A,.)  D.  =  *-§i  f  {  (5-37  <\  K  +  O  *-  ti} . 

^li,  Pole,  in  a  letter  to  Mr.  Simpson  and  Captain 
Oalton,  already  referred  to,  gives  the  special  value, 

D,=  l-06Z{(8fc„  + ti)«-ti}, 
which  corresponds  veiy  closely  with  tlie  experiments 
made  for  Mr.  Simpson.     If  c^  =  '712,  which   also 
closely  corresponds  with  those  experiments,  om'  equa- 
tion (A3)  becomes  for  them 

(A4.)        D.  =  1-225  I  { (2-72  K  +  ti)'  -  li)  ; 
l)ut  the  amount  of  tlie  discharge  must  always  depend  on 
the  coefficient  c^,  equation  (A3)  suited  to  the  special 
circumstances  of  tlie  case  under  consideration. 

The  form  of  equation  for  the  discharge  proposed  by 
Mr.  Boyden*  includes  the  effects  of  the  end  con- 
tractions :  it  is 

D  =  c  {  Z  —  6  n  /<b}  /«b^ 
in  which  c  =  §  q  V  2  ^,  71  the  number  of  end  con- 
tractions, I  tlie  length  of  tlie  weir,  Ab  the  head 
measured  from  the  surface  of  the  water  above  the 
curvature  of  approach,  and  b  a  coefficient  due  to  the 
natiu^e  of  the  end  contractions.  The  mean  nume- 
rical expression  for  this  formula,  derived  by  Francis 
from  his  experiments,  is  for  feet  measures,  per  second, 

*  Francises  Lowell  Hydraalic  Experiments,  p.  74. 
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D  =  3-83  (I  -  •lw^b)^i,*,» 
but  the  value  of  c  varied  from  8-303  to  3-3617.  These 
results  give  corresponding  values  of  c^  =  '617  to  '628> 
and  when  c  =  3*83,  c^  =  •623.  The  experimental 
results  compared  with  this  formula  have  been  referred 
to  at  p.  71. 

Francis's  Lowell  experiments  on  a  wooden  dam 
10  feet  long,  level  and  8  feet  wide  at  the  crest,  with 
a  head  slope  of  8^  to  1  in  a  channel  10  feet  wide, 
give,  for  heads  between  6  and  20  inches,  a  mean 
coefficient  of  '663  or  '565.  This  for  feet  measures 
iRTOuld  give  for  the  discharge  per  second 

D  =  3-02  A 
For  greater  depths,  on  this  width  of  crest,  the  dis- 
charge would  probably  rise  as  high  as  3*1  /i«  or  3'3  hJ^^ 
The  section  of  the  dam  was  the  same  as  that  erected 
by  the  Essex  Company  across  the  Merrimack  River, 
at  Lawrence,  Massachusetts.  See,  also,  Table  of 
Coefficients,  p.  68. 

In  equation  (13),  p.  42,  there  is  given  a  general 
expression  for  the  value  of  d  through  a  triangular 
notch.  Professor  Thomson,  of  the  University  of 
Glasgow,  in  a  paper  read  at  the  British  Association 
at  Leeds  in  1858,  says : —   ^ 

**  The  ordinary  rectangular  notches,  accurately  ex- 
perimented on  as  they  have  been,  at  great  cost  and 
-with  high  scientific  skill,  in  various  countries,  with 
the  view  of  determining  the  necessary  formulas  and 
coefficients  for  their  application  in  practice,  ai'e  for 
many  purposes  suitable  and  convenient.  They  are, 
however,  but  ill  adapted  for  the  measurement  of  very 

•  Francises  Lowell  Hydraulic  Experiments,  p.  119. 
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variable  quantities  of  water,  such  as  commonly  occur 
to  the  engineer  to  be  gauged  in  rivers  and  streams. 
If  the  rectangular  notch  is  to  be  made  wide  enough 
to  allow  the  water  to  pass  in  flood  times,  it  must  be 
so  wide  that  for  long  periods,  in  moderately  dry 
weather,  the  water  flows  so  shallow  over  its  crest, 
that  its  indications  cannot  be  relied  on.  To  remove, 
in  some  degree,  this  objection,  gauges  for  rivers  or 
streams  are  sometimes  formed,  in  the  best  engineering 
practice,  with  a  small  rectangular  notch  cut  down 
below  the  general  level  of  the  crest  of  a  large  rectan- 
gular notch.  If  now,  instead  of  one  depression  being 
made  for  dry  weather,  we  use  a  crest  wide  enough  for 
use  in  floods,  we  conceive  of  a  large  number  of  de- 
pressions extending  so  as  to  give  the  crest  the  appear- 
ance of  a  set  of  steps  of  stairs,  and  if  we  conceive  the 
number  of  such  steps  to  become  infinitely  great,  we  are 
led  at  once  to  the  conception  of  the  triangular  instead 
of  the  rectangular  notch.  The  principle  of  the  trian- 
gular notch  being  thus  arrived  at,  it  becomes  evident 
there  is  no  necessity  for  having  one  side  of  the  notch 
vertical,  and  the  other  slanting ;  but  that,  as  may  in 
many  cases  prove  more  convenient,  both  sides  mxy  be 
made  slanting,  and  their  slopes  may  be  alike.  It  is 
then  to  be  observed,  that  by  the  use  of  the  triangular 
notch,  with  proper  formulas  and  coefficients  derivable 
by  due  union  of  tiieory  and  experiments,  quantities  of 
running  water  from  the  smallest  to  the  largest  may  be 
accurately  gauged  by  their  flow  through  the  same 
notch.  The  reason  of  this  is  obvious,  from  consider- 
ing that  in  the  triangular  notch,  when  the  quantity 
iflowing  is  very  small,  the  flow  is  confined  to  a  small 
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space  admitting  of  accurate  measurement;  and  that 
the  space  for  the  flow  of  water  increases  as  the  quantity 
to  be  measured  increases,  but  still  continues  such  as  to 
admit  of  accurate  measurement. 

''Further,   the    ordinary  rectangular  notch,  when 
.applied  for    the   gauging  of  rivers,   is   subject  to   a 
serious  objection  from  the  difficulty  or  impossibility  of 
properly   taking  into    account  the  influence   of   the 
bottom  of  the  river  on  the  flow  of  the  water  to  the 
notch.     If  it  were  practicable  to  dam  up  the  river  so 
<leep  that  the  water  would  flow  through  the  notch  as 
if  coming  from  a  reservoir  of  still  water,  the  difficulty 
Tvould  not  arise.     This,  however,  can  seldom  be  done 
in  practice,  and  although  the  bottom  of  the  river  may 
be  so  far  below  the  crest  as  to  produce  but  little  efiiect 
on  the  flow  of  the  water  when  the  quantity  flowing  is 
small,  yet  when  the  quantity  becomes  great,  the  velo^ 
city  of  approach  comes  to  have  a  very  material  influ- 
ence on  the  flow  of  the  water,  but  an  influence  which  is 
usually  difficult,  if  not  impracticable,  to  ascertain  with 
satis&ctory  accuracy.     In  the  notches  now  proposed  of 
a  triangular  form,  the  influence  of  the  bottom  may  be 
rendered  definite,  and  such  as  to  afiect  alike  (or  at 
least  by  some  law  that  may  be  readily  determined  by 
experiment)  the  flow  of  the  water  when  very  small,  or 
when  very  great,  in  the  same  notch.     The  method  by 
which  I  propose  that  this  may  be  effected  consists 
in  carrying  out  a  floor,  starting  exactly  from  the  vertex 
of  the   notch,    and   extending  both  up-stream  and 
laterally,  so  as  to  form  a  bottom  to  the  channel  of 
approach,  which  will  both  be  smooth  and  will  serve  as 
the  lower  bounding  surface  of  a  passage  of  approach 
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nnchaDgmg  in  form  while  increasing  in  magnitude,  at 
the  places  at  least  which  are  adjacent  to  the  vertex  of 
the  notch.  The  floor  may  be  either  perfectly  level,  or 
may  consist  of  two  planes,  whose  intersection  would 
start  from  the  vertex  of  the  notch,  and  would  pass  up- 
stream perpendicularly  to  the  direction  of  ihe  weir 
board;  the  two  planes  slanting  upwards  from  their 
intersection  more  gently  than  the  sides  of  the  notch. 
The  level  floor,  although  theoretically  not  quite  so 
perfect  as  the  floor  of  two  planes,  would  probably  for 
most  practical  purposes  prove  the  more  convenient 
arrangement. 

"  With  reference  to  the  use  of  the  floor  it  may  be 
said,  in  short,  that  by  a  due  arrangement  of  the  notch 
and  the  floor,  a  discharge  orifice  and  channel  of 
approach  may  be  produced,  of  Tf  hich  (the  upper  surface 
of  the  water  being  considered  as  the  top  of  the  channel 
and  orifice)  the  form  will  be  unchanged  or  but  little 
changed,  with  variations  of  the  quantity  flowing ;  very 
much  less  certainly  than  is  the  case  with  rectangular 
notches. 

*'  Whatever  may  be  the  result  in  this  respect,  the 
main  object  must  be  to  obtain,  for  a  moderate  number 
of  triangular  notches  of  diflferent  forms,  and  both  with 
and  without  floors  at  the  passage  of  approach,  the 
necessary  coefficients  for  the  various  forms  of  notches 
and  approaches  selected,  and  for  various  depths  in  any 
one  of  them,  so  as  to  allow  of  water  being  gauged  for 
practical  purposes,  when  in  future  convenient,  by 
means  of  similarly  formed  notches  and  approaches. 
The  utility  of  the  proposed  system  of  gauging  it  is  to 
be  particularly  observed,   will  not    depend    upon   a 
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perfectly  close  agreement  of  the  theory  described  with 
the  experiments,  because  a  table  of  experimental 
coefficients  for  various  depths,  or  an  empirical  formula 
slightly  modified  from  the  theoretical  one,  will  serve 
all  purposes. 

"To  one  evident  simplification  in  the  proposed 
system  of  gauging,  as  compared  with  that  by  rect- 
angular notches,  I  would  here  advert,  namely,  that 
in  the  proposed  system  the  quantity  flowing  comes 
to  be  a  function  of  only  one  variable — ^namely,  the 
measured  head  of  water — ^while  in  the  rectangular 
notches  it  is  a  function  of  at  least  two  variables, 
namely,  the  head  of  water,  and  the  horizontal  width 
of  the  notch ;  and  is  commonly  also  a  function  of  a 
third  variable  very  difficult  to  be  taken  into  account, 
namely,  the  depth  from  the  crest  of  the  notch  down 
to  the  bottom  of  the  channel  of  approach,  which 
depth  must  vary  in  its  influence  with  all  the  varying 
ratios  between  it  and  the  other  two  quantities  of  which 
the  flow  is  a  function. 

"  The  proposed  system  of  gauging  also  gives  facili- 
ties for  taking  another  element  into  account  which 
often  arises  in  practice  —  namely,  the  influence  of 
back  water  on  the  flow  of  the  water  in  the  gauge, 
when,  as  frequently  occurs  in  rivers,  it  is  found 
impracticable  to  dam  the  river  up  sufficiently  to  give 
it  a  clear  overfall  free  from  the  back  or  tail  water. 
For  any  given  ratio  of  the  height  of  the  tail  water 
above  the  vertex  of  the  notch  to  the  height  of  head 
water  above  the  vertex  of  the  notch,  I  would  antici- 
pate that  the  quantities  flowing  would  still  be  approxi- 
mately at  least,  proportional  to  the  f  power  of  the 
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head,  as  before ;  and  a  set  of  coefficients  would  have 
to  be  determined  experimentally  for  different  ratios 
of  the  height  of  the  head  water  to  the  height  of  the 
tail  water  above  the  vertex  of  the  notch. 

*^  I  have  got  some  preliminary  experiments  made  on 
a  right-angled  notch  in  a  vertical  plane  surface,  the 
sides  of  the  notch  making  angles  of  45^  with  the 
horizon,  and  the  flow  being  from  a  deep  and  wide 
pool  of  quiet  water,  and  the  water  thus  approaching 
the  notch  uninfluenced  by  any  floor  or  bottom.  The 
principal  set  of  experiments  as  yet  made  were  on 
quantities  of  water  varying  from  about  2  to  10  cubic 
feet  per  minute ;  and  the  depths  or  heads  of  the  water 
varied  from  2  inches,  to  4  inches  in  the  right-angled 
notch.    From  these  experiments  I  derive  the  formula 

Q  =  0-817  h5 
where  q  is  the  quantity  of  water  in  cubic  feet  per 
minute,  and  h  the  head  as  measured  vertically  in 
inches  from  the  still  water  level  of  the  pool  down  to 
the  vertex  of  the  notch.  This  formula  is  submitted 
at  present  temporarily  as  being  accurate  enough  for 
use  for  ordinary  practical  purposes  for  the  measure- 
ment of  water  by  notches  similar  to  the  one  experi- 
mented on,  and  for  quantities  of  water  limited  to 
nearly  the  same  range  as  those  in  the  experiments ; 
but  as  being,  of  course,  subject  to  amendment  by 
more  perfect  experiments  extending  through  a  wider 
range  of  quantities  of  water.'* 

In  the  first  edition  of  this  book  we  gave  the  general 
form  of  the  equation  for  the  discharge  through  tri- 
angular notches,  and  also  showed  the  general  apjilica- 
tion  of  the  coefficients  '617  to  '628  for  all  forms  of 
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•orifices  and  notches  in  thin  plates,  'GIT,  as  shown  in 
note  p.  42,  gives  a  result  identical  with  the  practical 
results  of  Professor  Thomson's  experiments.  The 
^n<eat  advantage  of  the  triangular  notch  for  gauging  is, 
that  the  sections  for  all  depths  flowing  over  are  similar 
triangles,  and  therefore  the  coefficient  probably  remains 
constant,  or  nearly  so,  not  only  for  one  but  for  all 
species  of  triangles,  when  the  depth  at  the  apex  is  not 
yery  small  indeed  in  proportion  to  the  width  flowing 
over  at  the  surface. 

The  disadvantage  of  the  proposed  triangular  foim 
■of  depression,  if  permanent  in  a  dam,  would  be  that 
the  angidar  point  should  be  at  a  lower  level  than  the 
top  of  a  horizontal  crest  to  maintain  the  same  level, 
4ibove  of  the  water,  dming  floods ;  and  therefore  the 
power  of  the  water  and  head  would  be  reduced  at  the 
period  when  most  requii*ed  for  mill-power  or  navigation 
purposes ;  that  is,  during  dry  weather.  For  di'ainage 
purposes  the  winter  level  or  that  during  floods,  must 
evidently  be  kept  down,  unless  when  the  banks  are 
steep,  and  along  rapids ;  but  these  remarks  do  not 
apply  to  dams  erected  across  miUraces  or  streams  where 
the  banks  are,  generally,  considerably  above  floods; 
they  only  refer  to  occasions  for  permanent  gauging, 
to  find  the  relations  of  evaporation,  absorption,  and 
discharge  for  large  catchment  areas.  For  notch 
gauging,  to  determine  the  useful  effect  of  water  engines, 
rectangular  forms  in  thin  plates  have  the  coefficients 
already  well  determined,  and  the  calculations  are  eosy. 
Rivers  and  large  quantities  of  flowing  water  in  the 
absence  of  a  weir,  are  best  gauged  by  selecting  some 
portion   where    the  section   and  velocity  are  neai'ly 

K  2 


132 


THE  DISCHARGE  OF  WATER  FROM 


umform  and  determining  each  of  these  from  the 
soundings,  and  the  observed  velocities  between  them, 
from  bank  to  bank.  The  jagged,  loose  and  irregular 
crests  on  most  mill- weirs  are  unfit  to  gauge  fi'om. 

In  weirs  at  right 
angles  to  channels 
with  parallel  sides, 
the  sectional  area 
can  never  equal 
that  of  the  channel 
unless  it  be  mea- 
sured  at  or  above  the  point  a,  where  the  sinking  of  the^ 
overfall  commences ;  and  unless  also  the  bed  c  d  and 
surface  a  b  have  the  same  inclination.  In  all  open 
channels,  as  miUraces,  streams,  rivers,  the  supply  is 
derived  from  the  surface  inclination  of  a  b,  and  this  in- 
clination regulates  itself  to  the  discharging  power  of 
the  overfall.  When  the  overfall  and  channel  have  the 
same  width,  and  the  latter  is  considerable,  then,  a& 

shall  appear  hereafter,  91  V  A  s  is  the  mean  velocity 
in  the  channel,  where  h  is  the  depth  in  feet  and  8  the 

2         y 

rate  of  inclination  of  the  surface  a  b.    Also  -  W  ^  g  h 

is  the  theoretical  velocity  of  discharge  at  the  overfall, 
of  equal  depth  with  the  channel,  and,  when  both  velo-^ 
cities  are  equal, 

\  VYJTi  =  5-35  VT  =  91  \/lT; 

from  which  is  found 

8=^  =  -00346, 

the  inclination  of  b  a  when  the  supply  is  equal  to  the 
theoretical  discharge  at  the  overfall.     If  the  coefficient. 
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at  the  overfall  were  "628,  or,  which  is  nearly  the  same 
thing,  if  a  large  and  deep  weir  basin  intervene  between 
the  weir  and  channel^  Fig.  19,  a  a  would  be  level,  the 


Telocity  of  approach  would  be  destroyed,  and  then 
5-85  X  -628  n/T  =  8-36  VT  =  91  VTi; 
and  thence  the  inclination  of  b  a  is 

«  =  4  =  '00186 
very  nearly.  When  discussing  the  surface  inclination 
of  rivers,  it  will  be  seen  that  the  conditions  here  as- 
samed  and  the  resulting  surface  inclinations  would 
produce  velocities  that  would  destroy  the  regimen  and 
involve  a  considerable  loss  of  head.  If  the  quantity 
discharged  under  both  circumstances  be  the  same,  and 
h  be  the  depth  in  the  first  case,  Fig.  18,  then  the  head 

(5*35X1 
—  r  h  =  1*86  h 

very  nearly,  from  which  and  the  surface  inclination  the 
extent  of  the  backwater  may  be  found  with  sufficient 
accuracy.     When,  in  Fig.  19,  the  inclination  of  a  b 

exceeds  — ,  the  head  at  a  must  exceed  the  depth  of  the 

river  above  a.  Further  on.  Section  X.,  some  remarks 
will  be  found  on  the  backwater  curve. 


THE  DISCHARGE  OF  WATER  FllOif 


SUBUEBQED   ORIFICES  AND  WEIR8. — CONTRACTED    lUVEK 
CHANNELS. 

The  available  pres- 
I  siire  at  anj'  point  in 
I  the  depth  of  the  ori- 
I  fice  A,  Fig.  20,  is- 
\  equal  to  the  diffe- 
I  i-ence  of  the  pres- 
■  sures  on  each  side. 
This  dilfere'ice  is  equal  to  the  pressure  due  to  the 
height  h,  between  tlie  water  surfaces  on  each  side  of 
the  orifice ;  in  this  c:ife,  the  velocity  is 
(47.)  v=cs,  -/^Jh\ 

and  the  dischai^e 

(48.)  D=irfCd  VayV; 

in  which,  as  before,  I  is  the  length,  and  d  the  depth  of 
the  rectangular  orifice  a. 

"Wlien  tlie  oiifict- 
is  partly  submerged, 
Jis  in  Fig.  21,  h^— 
h—dj  may  be  put 
for  the  submerged 
deitth,  and  h — /i,= 
rfi,  the  remaining 
portion  of  the  depth;  whence  rf,+rfi=<^  "s  the  entire 
depth.     '1  he  dischai^e  through  the  subniei-ged  deptli 
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<?i  is  Cd  Z  dj  X  y/  2  g  h,  and  the  discharge  through 
the  upper  portion  di  is 

whence  the  whole  discharge — ^asstuning  the  coefficient 
of  discharge  c^  is  the  same  for  the  upper  and  lower 
depths — ^is 

(49.)      i>=c^W2j^d^\/T+  j(h'-fc»*)} 
We  may,  however,  equation  (SI),  assume  that 

Ysry  nearly,  and  hence 

(50.)    D=<ra  I  <f,  V2jh  +  c^ld  J  2  g  (ji,  —  '^). 

As  fct  +  ^  =  A  —  -?  this  equation  may  be  changed 
into 


(51.)    D=:CaiJa\^27fe  +  CdZrfiy  2sf(»t  +  ^). 
In  either  of  these  forms  the  values  of 

c^  >/Tfh,  c^J'ig(^  h  -  l»),and  c^J  2  g  {h,  +1>) 

can  be  had  from  Table  II.,  and  the  value  of  the 
discharge  d  thence  easily  foxmd.  When  &— ^^=^1,— A, 
the  mean  value  of  c^  may  be  taken  at  about  *585 ;  that 
is  when  the  backwater  rises  to  the  centre  of  the 
orifice« 

When  the  water  approaches  the  orifice  with  a  de- 
terminate velocity,  the  height  h^  due  to  that  velocity 
can  be  found  from  Table  II.,  and  the  discharge  is 
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tlien  found  by  substituting  ft+A,  and  At+A*  for  h  and 

At  in  the  above  equations. 

In  the  submerged 
weir,  Fig.  22,  h  be- 
comes equal  to  (fi, 
and  fit— 0;  thfi  ^^- 
charge,  equation 
(49),  then  becomes 


(52.)-^ 


-  Cd  i  d,  V  2  5  d,  +  }  tfj  i  d,  V  "2  <j  di.  < 


W  V2i,di|d,  +  ?d,}. 

"When  the  water  approaches  with  a  velocity  due  to  the 
height  ft,,  then  ft  becomes  fe+ft„  ft,=ft„  and  equation 
(49)  becomes 
(53.)  i>=c^l  V2^  I  di  VdH-  A.+  \  (d,  +  h^~  h}  } . 

In  the  Improvement  of  the  Navigation  of 
KivEKs,  it  is  sometimes  necessaiy  to  construct  weirs 
so  as  to  rmse  the  upper  waters  by  a  given  depth,  di. 
The  discharge  D  is  in  such  cases  previously  knowU)  or 
easily  determined,  then  from  the  values  of  di,  and  d, 
and  equation  (52),  the  value  of  the  rise  over  the 
crest, 

(54.)  ds= ^-^- 1  di ; 

or,  by  taking  the  velocity  of  approach  into  aceoont, 

(55.)     d.^^°  _»(d.j-JJ^Al. 

^     '  CdlV2j?(d,+AJ      3      Vd,  +  A. 

This  value  of  d%  must  be  the  depth  of  the  top  of  the 
weir  below  the  original  suz&ce  of  the  water,  in  order 
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that  this  surface  should  be  raised  by  a  given  depth,  di. 

2 

"When  A|^  is  small  compared  with  rf2>  -  C^+^a)  ^ay 
be  put  for  ~  X  (^i_±  /^a)'  -,(fe)!  in  equation  (55). 

3  Vdi  +  Aa 

Example  VI. — A  river  whose  width  at  the  surface  ia 
TO  feety  whose  hydraulic  mean  depth  is  4*4  feet^  and 
whose  cross  sectional  area  is  825  feet,  has  a  surface  in- 
clination of  1  foot  per  mile ;  to  what  depth  below,  or 
height  above  the  surface  must  a  weir  at  right  angles  to 
the  channel  be  raised,  so  that  the  depth  of  water  im- 
mediately above  it  shaU  be  increased  by  defect  ? 

When  the  hydraulic  mean  depth  is  4*4  feet,  and  the 
fall  per  mile  1  foot,  from  Table  VIII.  the  mean 
velocity  of  the  river  is  29'98  or  80  inches  very  nearly 
l>er  second.  The  discharge  is,  therefore,  825  x  2^ 
=  812*5  cubic  feet  per  second,  or  48750  cubic  feet  per 

4S7B0 

minute.     Hence,  — -  =  696*4  cubic  feet,  must  pass 

over  each  foot  in  length  of  the  weir  per  minute.  As- 
suming the  coefficient  c^  =  '628  in  the  first  instance, 
from  Table  VI.  the  head  passing  over  a  wen*  corres- 
ponding to  this  discharge  is  27 '4  inches ;  but  as  the 
head  is  to  be  increased  by  8^  feet,  or  42  inches,  it  is 
clear  that  the  weir  must  be  perfect ;  that  is,  have  a 
<:lear  overfall,  and  rise  42  —  27'4  =  14'6  inches  over 
the  original  water  surface.  In  order  that  tbe  weir  may 
be  submerged,  or  imperfect,  the  head  cotdd  not  be  in- 
creased by  more  than  27*4  inches.  Therefore,  assume 
the  example,  iliat  tlie  increase  sliall  be  only  18  instead  of 
42  inches  ;  the  weir  then  becomes  submerged,  and,  from 
equation  (54), 
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d,  =  ^^ -  -  X  18"  (as  Z  =  1  foot). 

-628  VlB"  X  2g      » 

The  value  of  the  first  part  of  this  e:qpression  is  found 

from  Tarle  VI.  or  Table  II.  equal  to 

696-4  696-4         ,  „„  .   ,       „„  r« . 

u — ; =  qTfRZT  =  1*88  feet  =  22-56  in. ; 

^  X  i  X  370-841      ^^°  ^^1 

hence  22-56  -  ^  =  10'66  inches  is  the  value  of  rf, ; 

that  is,  the  submerged  weir  must  be  built  within  10*66 

inches  of  the  surface  to  raise  the  head  18  inches  above 

the  former  level.     If,  however,  the  velocity  of  approach 

812*5 
be  taken  into  account,  it  is  equal  to  -tq^  =  2  feet  per 

second  very  nearly ;  and  the  height,  or  value  of  h^^  due 

3 

to  this  velocity,  taken  from  Table  II.,  is  t  =  *75  inch 

nearly ;  therefore,  from  equation  (55), 

J 696-4 J  ^  (18-75)^  -  (-75)^ 

-628  V^V  x'18-76        '  V  18-75 

The  value  of -^^?^^_=-.  =  (from  Table  VI.) 

-628  V  2  fif  X  18-75 

iB P^^ =  ^^^  =  1-84  feet  =  22-08  in.; 

^  ,  ^  (18-75l!-j-7a;^!.  ^  18.75  _|  ^  Ji'^! 
'  V  18-75  ^  '     V18-75 

=  12-5  -  ^  X  ~~f~  =  12-5  -  -1  =  12-4. 
»       4-33 

Hence  cf^  =  22*08  —  12*4  =  9*68  inches,  or  about  1 

inch  less  than  the  value  previously  foimd  from  equa- 

*  This  is  found  from  Table  II.  more  readily. 
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tion  (54).  The  mean  coefficient  of  discharge  was  here- 
assumed  to  be  '628.  Experiments  on  submerged  weirs, 
show  that  the  value  of  c^  varies  from  '5  up  to  '8,  but. 
as  this  coefficient  would  reduce  the  value  of  (Zj,  or  the 
depth  of  the  top  of  the  weir  below  the  surface,  it  is 
safer  (where  a  given  depth  above  a  weir  must  be  ob- 
tained) to  use  the  lesser  and  ordinary  coefficients  of 
perfect  weirs,  with  a  clear  overfall,  for  finding  the  crest 
levels  of  submerged  weirs,  when  it  is  necessary  to  con- 
struct them.  If  the  coefficient  "8  were  used  in  the 
previous  calculation,  then  would  have  been  found  ^2  == 

;6j»x  22^08  _  J2-4  =  17-83  -  12-4  =  4-98  in.,  or 
•8 

not  much  more  than  half  the  previous  value ;  and  this. 

would  only  increase  the  whole  height  of  the  weir  by^ 

9-68  -  4-98  =  4-75  inches. 

As  D  =  -  Cd  i  V^  {{di  +  AJ^  —  h\\  for  a  perfect 

weir  with  a  free  overfall,  it  is  clear  that  when  d  is 

greater  than  -^  c^l  *^  2  g  {{di  +  h^  —  Aj},  the  weir  is. 

imperfect  or  submerged.       For  backwater  curve  see 
Sectiox  X. 

In  the  following  table  of  coefficients  from  Lesbros* 
d^  is  measured  from  that  point  below  the  weir  where 
its  value  is  a  minimum.  On  examining  equation  (52)» 
it  will  be  seen  that  the  equation  d  =  c^l  {di  -^  d^y 

V  2  g  di  adopted  by  Lesbros  is  incorrect,  and  can  onljr 
be  safely  used  within  the  limits  of  his  experiments. 

*  Vide  p.  84,  dea^i^me  ddition,  Hydrauliqiie,  par  Arthur  Morin.. 
Poria,  1853. 
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C0EFPICIEXT8  FOR  SUDMERGED  NOTCHES. 


Values  of 


•001 
•002 
•003 

•004 
•005 
•006 
•007 
•008 
•009 
•010 
•015 
•020 
•025 
•030 
•085 
•040 
•045 
•050 


Valuos  of  the 

GoefBcient  e^ 

'        Values  of 

in  the  formula 

1              rfi 

D=c^Urfi  +  c'.) 

<'i  +  rf. 

X  Va  jy  d^. 

•227 

•060 

•295 

•080 

•363 

•100 

•150 

•430 

•200 

•496 

■250 

•556 

,       •soo 

•597 

•350 

•605 

•400 

•600 

•450 

•696 

•580 

:           ^500 

•570 

•550 

•557 

•600 

•546 

•700 

•537 

•800 

•531 

•900 

•526 

1^000 

•522 

>) 

Values  of  the 

coefficient  c^ 

in  the  formula 


•519 
■517 
•516 
•512 
•507 
•502 
•497 
•492 
•487 
•480 

-474 
•466 
•459 
•444 
•427 
•409 
•890 

>♦ 


The  experimental  values  are  those  shown  between  the  horinrntal  lines, 
the  others  above  the  upper  ones,  and  below  the  lower  ones,  were  deduced 
from  calculation  by  Lesbros. 


J 


The  true  value  of  the  discharge  is  expressed  by  the 

equation  t^  =  c^l  l^di-^-d^^   X  V  2  g  di,  and  the 

values  of  c^  in  the  above  table  are,  therefore,  too  smaJI, 
applied  to  the  correct  formula.  When  di  =  d^  the 
table  gives  c^  =  '474.  Now  for  weirs  in  which  the 
sheet  passing  over  is  "  drowned,"  the  general  value  of 
the  coefficient  is  about  "67 ;  this  would  give  the  coeffi- 
cient for  the  lower  portion  rfj,  in  the  true  formula,  equal 
to  '503,  and  a  mean  coefficient  c^  in  the  correct  formula 
(52)  equal  to  '569  nearly.  When  dj  =  200  di,  the  ap- 
parent limits  of  the  experiments  on  the  other  side,  then 
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the  mean  value  of  c^  =  '496  nearly  in  equation  (52)^ 
These  results  would  show  that  the  coefficient  due  to 
the  submerged  depth  d2,m  the  first  and  last  experi- 
ments^ is  equal  to  about  '5  nearly,  (but  varies  to  *& 
nearly  in  some  of  the  middle  experiments,)  or  there- 
abouts, and,  therefore,  equation  (52)  for  submerged 
weirs,  as  the  coefficient  for  the  upper  part  di  is  •67> 
would  become 

{52a.)    d  =  I  X  {-445  rfi  +  -5  rfj)  x  V  2  ^  di ; 
which  for  feet  measures  would  become  again 

(52b.)    j>  =  l  X  V"^  X  {3-56  di  +  4  d^}, 
for  the  discharge  in  cubic  feet  i)er  second  over  a  sub- 
merged weir.  Fig.  22. 


CONTRACTED   RIVrER   CHANNELS. 

"When  the  banks  of  a  river,  whose  bed  has  a  uniform 
inclination,  approach  each  other,  and  contract  the- 
width  of  the  chamiel  in  any  way,  as  in  Fig.  23,  the 


water  will  rise  in  the  channel  above  the  contracted  por- 
tion A,  until  the  increased  velocity  of  discharge  com- 
pensates for  the  reduced  cross  section.  If,  as  before, 
di  be  put  for  the  increase  of  depth  immediately  above 
the  contracted  width,  and  rfj  for  the  previous  depth  of 
the  channel,  the  quantity  of  water  passing  through  the 

lower  depth,  rfj,  is  equal  to  r^  Z  d2  V  2  ^  rfi,  in  which  t 
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is  the  width  of  the  contracted  channel  at  a,  and  the 
•quantity  of  water  overflowing  through  dx  equal  to  -x 

<cildi  \/2gdi;  and  hence  the  whole  discharge  through 
jl  is 

(56.)  D  =  Cd  i  V  2  ^(da  +  -^rfi). 

HVhen  the  object  is  to  find  the  width  I  of  the  contracted 
•channel,  so  that  the  depth  of  water  in  the  upper 
stretch  shall  be  increased  by  a  given  depth  di,  then 
«hall 

<57.)  I  = —^ _ 

CaV2gdi\di-h-dxj 

"When  the  velocity  of  approach  is  considerable,  or  when 
the  height  ft^  due  to  it  becomes  a  large  portion  of  rfi, 
its  effect  must  not  be  neglected.  In  this  case,  as  before, 
the  discharge  through  the  depth  d^  is  equal  to  c^  2  ^X 

V  2  r/  (rfi  +  hj  ;  and  the  discharge  through  the  depth 

di  equal  to  -  c^  i  V  2  ^  {(rfi  +  hj^  —  hi};  and  hence 

the  whole  discharge  is 

(58.)  i>=cjV2^  {rf,  (dr  +  hj  +  {[(di  +  kj  -  hh] ; 

from  which  may  be  fomid 

(59.)   1= — ? . 

Cd  V  2  </  {d,  (i,  +  ft.)*  + 1  [{d^  +  hj  -}^} 

If  the  projecting  spur  or  jetty  at  a  be  itself  sub- 
merged, these  formula  must  be  extended ;  the  manner 
of  doing  so,  however,  presents  no  difficulty,  as  it  is 
only  necessary  to  find  the  discharges  of  the  different 
sections  according  to  tlie  preceding  formulae,  and  then 
add    them    together;    but   the  resulting  formula  so 
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found   is    too  complicated    to  be  of  much  practical 
value. 


HEADS  ABISING  FBOM  PIEBS  AND  BACKWATER  ABOVE 

BRIDGES. 

Equations  (56),  (57),  (58),  and  (59),  are  applicable 
to  cases  of  contraction  of  river  channels  caused  by  the 
construction  of  bridge-piers  and  abutments,  when  the 
width  I  is  put  for  the  sum  of  the  openings  between 
them.  The  value  of  the  coefficient  c^  will  depend  on 
the  peculiar  circumstances  of  each  case  ;  it  was  shown 
that  it  rises  from  '5  to  '7  in  some  cases  of  submerged 
weirs,  and  for  cases  of  contracted  channels  it  rises 
sometimes  as  high  as  *8,  particularly  when  they  are 
analogous  to  those  for  the  discharge  through  mouth- 
pieces and  short  tubes.  When  the  heads  of  the  piers 
are  square  to  the  channel,  the  coefficient  may  be  taken 
at  about  *6;  when  the  angles  of  the  cut-waters  or 
sterlings  are  obtuse,  it  may  be  taken  at  about  *7 ;  and 
when  curved  and  acute,  at  '8.  With  this  coefficient,  a 
head  of  2f  inches  will  give  a  velocity  of  very  nearly  36 
inches,  or  3  feet  per  second ;  but  as  a  certain  amount 
of  loss  takes  place  from  the  velocity  of  the  tail-water 
being  in  general  less  than  that  through  the  arch,  also 
from  obstructions  in  the  passage,  and  from  square- 
headed  and  very  short  piers,  the  coefficient  may  be  so 
small  in  some  cases  as  '5,  which  would  require  a  head 
of  6f  inches  to  obtain  the  same  velocity.  This  head  is 
to  the  former  as  54  to  21.  The  selection  of  the  proper 
coefficient  suited  to  any  particular  case  is,  therefore,  a 
matter  of  the  first  importance  in  determining  the  effect 
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of  obstructions  in  river  channels  :  this  subject  shall  be 
referred  to  again,  but  it  is  necessary  to  observe  here, 
that  the  form  of  the  approaches,  the  length  of  the  piers 
compared  with  the  distance  between  them,  or  span, 
and  the  length  and  form  of  the  obstruction  compared 
with  the  width  of  the  channel,  must  be  duly  considered 
before  the  coefficient  suited  to  the  particular  case  can 
be  fixed  upon.  Indeed,  the  coefficients  will  always 
approximate  towards  those,  given  in  the  next  section, 
for  mouth-pieces,  shoots,  and  short  tubes  similarly  cir- 
cumstanced. For  some  further  remarks  on  contracted 
channels,  see  Section  X. 


SECTION  VI. 

SHORT  TUBES,  MOUTH-PIECES,  AND  APPROACHES. — ^AL- 
TERATION IN  THE  COEFFICIENTS  FROM  FRICTION  BY 
INCREASING  THE  LENGTH. — COEFFICIENTS  OP  DIS- 
CHARGE FOR  SIMPLE  AND  COMPOUND  SHORT  TUBES. 
SHOOTS. 

The  only  orifices  heretofore  referred  to  were  those 
in  thin  plates  or  planks,  with  a  few  incidental  excep- 
tions. It  has  been  shown,  page  86,  Fig.  4,  that  a 
roimding  oif,  next  the  water,  of  the  mouth-piece  in- 
creases the  coefficient ;  and  when  the  curving  assumes 
the  form  of  the  vena-contracta,  the  coefficient  increases 
to  '986,  or  nearly  unity  for  the  outer  orifice.  The  dis- 
charge from  a  short  cylindrical  tube  a.  Fig.  24,  whose 
length  is  from  one  and  a  half  to  three  times  the  diameter^ 
is  found  to  be  very  nearly  an  arithmetical  mean  between 
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the  theoretical  discharge  and  the  discharge  through  a 
circular  onfice  in  a  thin  plate  of  the  same  diameter  as 
the  tube,  or  •814  nearly.  If,  however,  the  inner  arris 
be  rounded,  or  chamfered  oflf  in  any  way,  the  coefficient 
will  increase  until,  in  the  tube  b.  Fig.  24,  with  a  pro- 
perly-rounded junction,  it  becomes  unity  very  nearly. 

Kg.  24. 


In  tbe  conical  short  tubes  c  and  d  the  coefficients  are 
found  to  vary  according  to  some  function  of  the  con- 
verging or  diverging  angles  o,  o,  and  according  as  the 
lesser  or  greater  diameter  is  taken  to  calculate  from. 
When  the  length  of  the  tube  exceeds  twice  the  dia- 
meter, the  friction  of  the  water  against  the  sides  may 
be  taken  into  account. 

The  following  table,  calculated,  for  a  coefficient  of 
friction  "00699,  due  to  a  discharging  velocity  of  about 
eighteen  inches  per  second,  see  Section  VIII.,  shows 
the  resistance  arising  from  friction  in  pipes  of  different 
lengths  in  relation  to  the  diameter,  and  will  be  found 
of  considerable  practical  value.  It  will  be  perceived 
that  the  calculations  are  made  for  three  different 
orifices  of  entry.  First,  when  the  arrises  are  rounded, 
as  in  B,  Fig.  24,  with  a  coefficient  of  *986 ;  secondly. 
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COEFFICIENTS  FOR  SHORT  AND  LOITO  TUBES. 

Velocities  about  1'5  foot  per  second. 

Nmnbor  of 
diameters  in 

Correoponding 
coefficients  of  dis- 

Number  of 
diameters  in 

Corresponding 
coefficients  of  dis- 

the length 
of  the  pipe. 

chai*ge,  showtnsr  the 
effects  of  firicuon. 

thelenffth 
of  the  lape. 

charge,  showing  the 
effiBcts  of  firisnoB. 

2  diameters 

•986 

•814 

•715' 

650  diameters 

•228 

•225 

•223 

5 

yy 

•936 

•779 

•690 

700        „ 

•220 

•217 

•215 

10 

99 

•884 

•747 

•668 

760        „ 

•213 

•211 

•209 

15 

)) 

•840 

•720 

•649 

800        „ 

•206 

•205 

•203 

20 

99 

•801 

•695 

•630 

850        „ 

•201 

•199 

•197 

25 

99 

•767 

•673 

•615 

900 

•195 

•193 

•192 

30 

)) 

•737 

•653 

•598 

950        „ 

•190 

•189 

•187 

35 

)) 

•711 

•634 

•584 

1000        „ 

•186 

•184 

•183 

40 

99 

•693 

•617 

•570 

1100        „ 

•177 

•176 

•175 

45 

}> 

•665 

•601 

•558 

1200        „ 

•170 

•169 

•168 

50 

9» 

•646 

•586 

•546 

1400        „ 

•158 

•167 

•156 

100 

f  y 

•513 

•480 

•458 

1600        „ 

•148 

•147 

•146 

150 

}» 

•439 

•418 

•403 

1800        „ 

•139 

•189 

•138 

200 

yy 

•389 

•375 

•864 

2000        „ 

132 

•132 

■181 

250 

yy 

•354 

•845 

•334 

2200        „ 

•126 

•126 

•125 

300 

yy 

•327 

•818 

•811 

2400        „ 

•120 

•120 

•120 

350 

yy 

•304 

•297 

•292 

2600        „ 

•116 

•116 

•116 

400 

yy 

•287 

•280 

•276 

2800        „ 

•112 

•112 

•112 

450 

yy 

•271 

•266 

•262 

3000        „ 

•108 

•108 

•108 

500 

yy 

•258 

■254 

•260 

8200        ,, 

•105 

•105 

•104 

550 

yy 

•247 

•243 

•240 

3400        „ 

•102 

•102 

•101 

600 

»t 

•237 

•234 

•231 

3600        „ 

•099 

•099     "099 

See  p.  199. 

when  the  arrises  are  square,  as  in  a,  with  a  coefficient 
of  '815 ;  and,  thirdly,  when  the  pipe  projects  into  the 
vessel,  when  the  coefficient  of  entry  becomes  reduced 

to  'TIS.     The  velocity  is      ^ 

V  =  Cd  V  2gh, 
h  being  measured  to  the  centre;  lower  end  of  the  tube. 
It  is  seen  from  this  table,  that  the  effect  of  adding 
to  the  length  of  the  pipe  is  greatest  next  the  orifice 
of  entry.  The  effect  of  a  few  diameters  added  to  the 
length  in  long  pipes  is,  practically,  immaterial ;  but 
in  short  pipes  it  is  considerable. 
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As  for  orifices  in  thin  plates,  so  also  for  short  tubes, 
the  coefficients  are  found  to  vary  according  to  the 
depth  of  the  centre  below  the  surface  of  the  water, 
and  to  increase  as  the  depths  and  diameter  of  the 
tube  decrease.  Poleni  first  remarked  that  the  dis- 
charge through  a  short  tube  was  greater,  than  that 
through  a  simple  orifice,  of  the  same  diameter,  in  the 
proportion  of  188  to  100,  or  as  "617  to  -821. 

CTIilNDRICAL   SHORT  TUBES,   A,   FIG.   24. 

The  experiments  of  Bossut,  as  reduced  by  Prony, 
give  the  following  coefficients,  at  the  corresponding 
depths,  for  a  cylindrical  tube  a,  Fig.  24,  1  inch  in 
diameter  and  2  inches  long.     The  depths  are  given  in 


COEFFICIENTS 

FOB  SHORT  TUBBB,  FROM  BOSSUT. 

HMds 
infoet 

CoelBdentBu 

HeadB 
in  feet. 

CoefScients. 

Heads 
in  feet. 

CoeffidentB. 

1 
2 
8 

4 
5 

•818 
•807 
•807 
•807 
•806 

6 
7 
8 
9 
10 

•806 
•806 
•805 
•805 
•805 

11 
12 
13 
14 
15 

•805 
•804 
•804 
•804 
'803 

Paris  feet  in  the  original,  but  the  coefficients  remain 
the  same,  practically,  for  depths  in  English  feet. 

Ventnri's  experiments  give  a  coefficient  •823  for  a 
short  tube  a,  1|  inch  in  diameter  and  4^  inches  long, 
at  a  depth  of  2  feet  8^  inches,  the  coefficient  through 
an  orifice  in  a  thin  plate  of  the  same  diameter  and  at 
the  same  depth  being  '622.  The  author  has  calculated 
these  coefficients,  from  the  original  experiments.  The 
measures  were  in  Paris  feet  and  inches,  from  which 
the  calculations  were  directly  made ;  and  as  the  differ- 

L  2 
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ence  in  the  coefficient  for  small  changes  of  depth  or 
dimensions  is  immaterial  or.  vanishes,  as  may  be  seen 
by  the  foregoing  small  table,  and  as  1  Paris  inch  or 
foot  is  equal  to  1'0658  Enghsh  inches  or  feet,  the 
former  measures  exceed  the  latter  by  only  about  tV^- 
It  may  therefore  be  assumed  that  the  coefficient  for  any 
orifice,  at  any  depth,  is  the  same,  whether  the  dimensions 
be  in  Paris  or  English  feet,  or  inches.  This  remark 
will  be  found  generally  useful  in  the  consideration  of 
the  older  continental  experiments,  and  wiU  prevent 
unnecessary  reductions  from  one  standard  to  another 
where  the  coefficients  only  have  to  be  considered. 

The  mean  value  derived  from  the  experiments  of 
Michelotti,  at  depths  from  8  to  20  feet,  and  with  short 
tubes  A  from  |  inch  to  3  inches  in  width,  is  c^  =  '814. 
Buff  *s  experiments*  give  the  following  results  for  a 
tube  T^y  of  an  inch  wide  and  -y^  of  an  inch  long  nearly. 
buff's  coefficients  for  small  short  tttbes. 


Head  in 
inchea. 

Coefficient. 

Head  In 
inches. 

Coefficient. 

Head  in 
inches. 

Coefficient 

14 

2i 

•865 
•861 

6 

14 

•840 
•840 

28 
32 

•829 

•826 

The  increase  for  smaller  tubes  and  for  lesser  depths 
appears  by  comparing  these  results  with  the  foregoing, 
and  from  the  results  in  themselves,  generally.  Weis- 
bach's  experiments  give  a  mean  value  for  Cd=*816,  and 
for  depths  of  from  9  to  24  inches  the  coefficients  '843, 

4     8    U  16 

•832,  '821,  '810  respectively,  for  tubes  -,  -,  -  and -of  an 
inch  wide,  the  length  of  each  tube  being  three  times  the 

*  Aimalen  der  Physik  und  Chemio  yon  Poggendorff,  1889,    Band 
46,  p.  243. 
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diameter.  D'Aubuisson  and  CasteFs  experiments  with 
a  tube  "61  inch  diameter  and  1*57  inch  long,  give  '829 
for  the  coefficient  at  a  depth  of  10  feet.  When  a  pipe 
projects  into  a  cistern  and  has  a  sharp  edge,  the 
coefficient  falls  so  low  as  '715. 

The  coefficients  in  the  following  two  short  tables 
were  calculated  by  the  author  from  Kennie's  experi- 
ments with  glass  orifices  and  tubes,  Table  7,  p.  435, 
Philosophical  Transactions  for  1881.  The  form  of 
the  orifices,  or  length  of  the  shorter  tubes  is  not 
stated,  but  it  is  probable  from  the  result,  that  the 
arrises  of  the  ends  were  in  some  way  rounded  off;  it 
is  stated  they  were  "enlarged."  Indeed,  the  dis- 
charges from   the   short    tube   or  orifice   of  \  inch 

COEFFICIENTS  FOE  SHORT  TUBF^,  THE  ENDS  ENLARGED. 


Hflftd 

fnf«et 

iinch 
diameter. 

(inch 
dJameter. 

finch 
diameter. 

linch 
diameter. 

1 
2 
3 
4 

1281 
1-261 
1-346 
1-261 

•831 
•889 
•838 
-831 

•766 
•820 
•821 
•829 

•912 
•920 
•880 
•991 

diameter  exceed  the  theoretical  ones  in  the  proportion 
of  1-261  to  1,  and  1'346  to  1.  These  results  could 
not  have  been  derived  from  a  simple  cylindrical  tube, 
but  might  have  arisen  from  the  arrises  being  more  or 
less  rounded  at  both  ends,  and  the  orifice  partaking  of 
the  nature  of  a  compound  tube,  which  may  be  con- 
structed, as  shall  hereafter  be  shown,  so  as  to  increase 
the  theoretical  discharge  from  1  up  to  1*553.  The 
resulting  coefficients  for  the  ^  and  f  inch  tubes, 
approach  very  closely  to    those   obtained    by   other 
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experimenters,  but  those  for  the  inch  tube  are  too 
high,  unless  the  arris  at  the  ends  was  also  rounded. 
The  coefficients  derived  from  the  experiments 
with  a  cylindrical  glass  tube  1  foot  long,  as  here 
given,  are  very  variable;    like  the  others  they  are, 

COEFFICIENTS  DERIVED  FROM  EXPERIMENTS  WITH  A  0LAS8  TUBE 

ONE  FOOT  LONG. 


HeadB 

iinch' 

linch 

{inch 

lineh 

in  feet. 

diameter. 

diAmeter. 

diameter. 

diameter. 

1 

•892 

•708 

•691 

•760 

2 

•914 

•734 

•718 

•749 

3 

•831 

•728 

•709 

•777 

4 

•914 

•725 

•677 

•815 

however,  valuable,  as  exhibiting  the  uncertainty  at- 
tending "experiments  of  this  nature,"  and  the  neces- 
sity for  minutely  observing  and  recording  every 
circumstance  which  tends  to  alter  and  modify  them. 
Indeed,  for  small  tubes,  a  very  slight  difference  in  the 
measurement  of  the  diameter  must  alter  the  result  a 
good  deal,  particularly  when  it  is  recollected  that 
measurements  are  seldom  taken  more  closely  than  the 
sixteenth  of  an  inch,  unless  in  special  cases.  As  the 
author,  however,  states,  p.  483  of  the  work  referred 
to,  that  the  "  diameters  of  the  tubes  at  their  extremi- 
ties were  carefully  enlarged  to  prevent  wire  edges 
from  diminishing  the  sections  ; "  this  circumstance 
alone  must  have  modified  the  discharges,  and  would 
account  for  most  of  the  differences. 

The  coefficient  for  rectangular  short  tubes  differs 
in  no  way  materially  from  those  given  for  cylindrical 
ones,  and  may  be  taken  on  an  average  at  *814 
or  -815, 
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SHORT  TUBES   WITH  A  ROUNDED   MOUTH-PIECE,    B, 

FIG.   24. 

When  the  junction  of  a  short  tube  with  a  vessel  takes 
the  form  of  the  contracted  vein,  Figs.  8  and  4,  pp.  86 
and  86,  the  mean  value  of  the  coefficient  c^  =  "966, 
and  the  actual  discharge  is  found  to  be  from  93  to  99 
per  cent,  of  the  theoretical  discharge.  Weisbach,  for 
a  tube  1|  inch  long  and  -^  inch  diameter,  rounded  at 
the  junction,  found  at  1  foot  deep  c^  =  '958,  at  5  feet 
deep  Cd  =  '969,  and  at  10  feet  deep  c^=  '976.  These 
experiments  show  an  increase  in  the  coefficients,  in 
this  particular  case,  for  an  increase  of  depth.  Any 
other  form  of  junction  than  that  of  the  contracted 
vein,  will  reduce  the  discharge,  and  the  coefficients 
will  vary  from  '715  to  '814,  and  to  '986,  according  to 
the  change  in  the  junction  from  the  cylindrical,  pro- 
jecting into  the  vessel,  to  the  square  and  properly 
curved  forms.  The  coefficients  derived  from  Venturi's 
experiments  will  be  given  hereafter. 

SHORT  CONICAL  CONVERGENT  TUBES,  O,  FIG.  24. 

The  experiments  of  D'Aubuisson  and  Castel  lead  to 
the  following  coefficients  of  discharge  and  velocity* 
from  a  conically  convergent  tube  c  at  a  depth  of  10 
feet.  The  original  angles  and  coefficients  are  here 
interpolated  so  as  to  render  the  table  more  convenient 
to  refer  to,  for  practical  purposes,  than  the  original. 
The  diameter  of  the  tube  at  the  smaller  or  discharging 
orifice  in  the  experiments  was  '61  inches,  and  the 

*  Traits  d'Hydianliqne,  Paris,  p.  60. 
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COEFFICIENTS  FOE  CONICAL  CONVERGENT  TUBES. 


Con- 

Ck)efficient 

Coefficient 

Con- 

Coefficient 

Coefficient 

verging 
angle  o. 

of  dis- 
cbarge. 

of 
velocity. 

vening 
angle  o. 

ofdiB- 
cbaige. 

of 
velocity. 

I'* 

•858 

•858 

14* 

•943 

•964 

r 

•873 

•878 

16* 

•987 

•970 

3° 

•908 

•908 

18'* 

•931 

•971 

4° 

•910 

•909 

20* 

•922 

•971 

6' 

•920 

•916 

22* 

•917 

•973 

6' 

•925 

•923 

26* 

•904 

•975 

8" 

•931 

•938 

30* 

•895 

•976 

10** 

•937 

•950 

40* 

•869 

•980 

12° 

•942 

•955 

50' 

•844 

•985 

length  of  the  axis  1'57  inch ;  that  is,  the  length  was 
2*6  times  the  smaller  diameter  of  the  tube.  The  co- 
efficient became  '829  for  the  cylindrical  tube,  i.  e. 
when  the  angle  at  o  was  nothing.  The  angle  of 
convergence  o  determines,  from  the  proportions,  the 
length  of  the  inner  and  longer  diameter  of  the  tube. 
The  coefficients  of  discharge  increase  up  to  '943  for 
an  angle  of  18^  or  14  degrees,  after  which  they  again 
decrease ;  but  the  coefficients  of  velocity  increase  as 
the  angle  of  convergence,  o,  increases  from  '829, 
when  the  angle  is  zero  up  to  '985  for  an  angle  of  50 
degrees. 
When  D  is  the  discharge  and  A  the  area  of  the 

section,  as  before  shown,  d  =  c^  a  V  2  ^  ft ;  but  as, 
in  conically  convergent  or  divergent  tubes,  the  inner 
and  outer  areas  (or,  as  they  may  be  called,  the  re- 
ceiving and  discharging  sections)  vary,  it  is  clear  that, 
the  discharge  being  the  same,  and  also  the  theoretical 

velocity  V  2  ^f  ft,  the  coefficient  c^  must  vary  inversely 
with  the  sectional  area  a,  and  that  c^  X  a  must  be 
constant.     For  the  coefficients  tabulated,  the  sectional 
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area  to  be  used  is  that  at  the  smaller  or  outside  end 
of  a  convergent  tube  c,  Fig.  24. 

For  a  short  tube  c,  whose  length  is  '92  inch,  lesser 
diameter  1*21  inch,  and  greater  diameter  1*5  inch,  the 
author  has  found,  from  Yenturi's  experiments,  that 
Cd  =  '607  if  the  larger  diameter  be  used  in  the  calcu- 
lation, and  Od  =  *934  when  the  lesser  diameter  is  made 
use  of,  the  discharge  taking  place  under  a  pressure  of 
2  feet  8^  inches. 

The  earlier  experiments  of  Poleni,  when  reduced, 
furnish  us  with  the  following  coefficients:  A  tube  7*67 
inches  long,  2*167  inches  cUameter  at  each  end,  gave 
c^  =  •864 ;  the  like  tube  with  the  inner  or  receiving 
orifice  increased  to  2|  inches,  c^  =  '903  ;  increased  to 
8"5  inches,  c^  =  '898 ;  increased  to  5  inches,  c^  =  '888 ; 
and  increased  to  9*83  inches,  c^  =  •864.  The  depth 
or  head  was  21*33  inches,  the  discharging  orifice 
2"167  inches  diameter,  and  the  length  7*67  inches,  in 
each  case. 

In  the  conically  divergent  tube  d,  Fi^.  24,  the  co- 
efficient of  discharge  is  larger  than  for  the  same  tube 
c,  convergent,  when  the  water  fills  both  tubes,  and 
the  smaller  sections,  or  those  at  the  same  distances 
from  the  centres  o  o,  are  made  use  of  in  the  calcu- 
lations. A  tube  whose  angle  of  convergence,  o,  is  5, 
nearly,  with  a  head  of  from  1  to  10  feet,  whose  axial 
length  is  3^  inches,  smaller  diameter  1  inch,  and  lar- 
ger diameter  1*3  inch,  gives,  when  placed  as  at  c,  '921 
for  the  coefficient ;  but  when  placed  as  at  d,  the  co- 
efficient increases  to  '948.  In  the  first  case  the 
smaller  area,  used  in  both  calculations,  being  the  re- 
ceiving, and   in  the   other  the   discharging,  orifice. 
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The  coefficient  of  velocity  is,  however,  larger  for  the 
tube  G  than  for  the  tube  d,  and  the  discharging  jet 
of  water  has  a  greater  amplitude  in  falling.  The 
effects  of  conically  diverging  tubes  will,  however,  be 
better  perceived  from  the  experiments  on  compound 
short  tubes. 


EFFECrrs   OF   COMPOUND    ADJUTAGES   AND   ADMISSION   OP 

AIR  INTO    SHORT  TUBES. 

If  the  tube  a  Fig.  24,  be  pierced  all  round  with 
small  holes  at  the  distance  of  about  half  its  diameter 
from  the  reservoir,  the  discharge  will  be  immediately 
reduced  in  the  proportion  of  '814  to  '617.  Venturi 
found  the  reduction  for  a  tube  1\  inch  diameter  and 
4^  inches  long,  at  a  depth  of  2  feet  10|  inches,  as  41 
to  81,  or  as  "823  to  6*22.  As  long  as  one  hole  re- 
mained ox3en,  the  discharge  continued  at  the  same 
reduced  rate;  but  when  the  last  hole  was  stopped, 
the  discharge  again  increased  to  the  original  quantity. 
If  a  small  hole  be  pierced  in  a  tube  4  diameters  long, 
nt  the  distance  of  1^  or  2  diameters  at  nearest  to  the 
junction,  the  discharge  will  remain  unaffected.  This 
shows  that  the  contraction  in  the  cylindrical  tube 
extends  only  a  short  distance  from  the  junction,  pro- 
bably 1\  or  1^  diameter,  including  the  whole  curvature 
of  the  contraction. 

The  contraction  at  the  entrance  into  a  tube  from  a 
reservoir  accoimts  for  the  coefficients  for  a  short  tube 
A,  Fig.  24,  and  the  short  tubes,  diagrams  1  and  2, 
Fig.  25,  being  each  the  same  decimal  nearly,  when 
o  R :  o  r : :  1 :  '8,  ©r  when  o  r  is  not  less  than  o  r  x  "79, 
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OB 


and  IS  at  the  distance  of  nearly  —  from  o  lu      The 

form  of  the  junction  o  o  r  r  remaining  as  described, 
the  following  coefficients  will  enable  us  to  judge  of  the 
discharging  powers  of  differently  formed  short  mouth- 
pieces. They  have  been  deduced  and  calculated, 
principally,  from  Venturi's  experiments.* 

Fig.  25. 


These  coefficients  show  very  clearly  that  any  cal- 
culations from  the  mere  head  of  water  and  size  of  the 
orifice,  without  taking  into  consideration  the  form  of 
the  discharging  tube  and  its  connection  with  the  re- 
servoir, are  very  uncertain ;  and  that  the  discharge  can 
only  be  correctly  obtained  when  all  the  circumstances 
of  the  case,  including  the  form  of  the  discharging 
orifice  and  its  approaches  have  been  duly  considered. 

When  a  tube  similar  to  diagram  5,  Fig.  25,  has  the 
jmiction  o  o  r  b  rounded,  as  in  Fig.  4,  page  86,  the 
outer  extremity  «  t  s  T,  such  that  s<=:or,  «s=9«f, 
and  the  diameter  s  t  =  1*8  times  the  diameter  «  <,  with 
a  $kort  central  cylindrical  piece  o  r  s  t  between,  the 

*  See  Nicholson's  translation  of  Yenturi's  Experimental  Inquiries, 
pnblisbed  in  the  Tracts  on  Hydraulics,  London,  1836.  The  coefficients 
in  the  table,  next  page,  were  all  calculated  for  the  first  time  by  the 
Author. 
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TABLE  OP  C0KFFICIENT8  FOR  SHORT  TUBES  AXD  MOUTH- PIECES. 


IXescription  of  orifice,  mouth-piece,  or  short  tube. 


8. 
9. 


10. 
11. 


I 


1.  An  orifice  1^  inch  diameter  in  a  thin  plate  .       .    . 

2.  A  cylindrical  tube  1(  inch  diameter  and  4^  inches 

long,  A,  Pig.  24 

8.  A  short  tube  with  a  sharp  end  projecting  into  the 
cistern 

4.  A  cylindrical  tube,  b.  Fig.  24,  having  the  Junction 

rounded,  as  in  Fig.  4,  page  86 

5.  A  short  conical  conveigent  mouth-piece,  c,  Fig.  24, 

of  the  proportions  of  oo  r  R,  Fig.  25   .  .    . 

6.  The  like  tube  divergent,  with  the  smaller  diameter 

at  the  1  unction  with  the  reservoir;  length  9\ 
iuches,  lesser  diameter  1  inch,  and  greater  dia- 
meter 1  -3  inch 

7.  The  tube,  o  o  u  v  r  r,  diagram  2,  Fig.  25,  when  o  Rs 

1^  inch,  a  r=  1*21  inch,  Mr=l-21  inch,  and  ott= 
r  vs2  inchos,  the  cylindrical  portion  being  shown 
by  dotted  lines 

The  same  tube  when  ott=ll  inches  .... 

Thesame  tube  when  ou= 23  inches  .       .    . 

The  tube,  oo«ST(rR,  diagram  2,  Fig.  25,  in  which 
o  R=s«  t=%  T=\\  inch,  ttom.  o  to  «  1]  Inch,  and  »  8= 
8  inches,  gives  the  same  coeflScient  as  the  cylin- 
drical tube,  result  No.  2  (see  No.  19X  ris. 

The  tube,  diagram  1.  Fig.  25,  or=1^  inch  .        .    . 

The  same  tube,  having  the  spaces  o«o  and  rtR 
between  the  mouth-piece  oorR  and  the  cylin- 
drical tube  osT  K  open  to  the  influx  of  the  water. 

12.  The  double  conical  tube,  u  o  s  t  r  r,  diagram  8,  Fig. 

25,  when  ors8T=1^  inch,  or=l'21  inch,  oo= 
92  inch,  and  OS s4'l  inches 

13.  The  like  tube  when,  as  in  diagram  4»  Fig.  26, 

o or RsosTr,  and  oossi-84inai     .        .       .    . 

14.  The  like  tube  when,  bt=^1-46  inch,  and  oBs2-17 

inches 

15.  The  like  tube  when  s  t=3  inoheo,  and  o  8=91 

inches 

16.  The  like  tube  when  o  ss6i  inches,  and  s  T  enlarged 

to  1-92  inch 

17.  The  Uke  tube  when  sTs=2i  inches,  and  0  8=12^ 

inches 

18.  A  tube,  diagram  5,  Fig.  25,  when  o«=re=3  inches, 

or=.i  t=\  '21  inch,  and  the  tube  o  s  t  r  the  same  as 
described  in  No.  12,  viz.  ST^l^inch,  and  «8=4'1 
inches 

19.  The  tube,  diagram  2,  Fig.  25,  when  8  t  is  enlarged 

to  1  '97  inch,  and  «  s  to  7  inches,  the  other  dimen- 
sions remniniuc  as  in  No.  9 

20.  Wheu  the  junction  of  o«rf  with  «8Tf,  diagram  2, 

Fig.  25,  is  improved,  the  other  ports  remaining  as 
described  in  No.  9 

21.  Another  experiment  gives 


Cogo 

O      "O 


-622 
-823 
•715 
•611 
•607 

561 


•600 
•567 
-581 


•828 
•804 


•785 


•974 

•828 

•ns 

•956 
■934 

•948 


•923 
•873 
•817 


1-266 
1*237 


1-209 


•928 

1*428 

•823 

1-S66 

•823 

1-266 

■911 

1-400 

1^020 

1569 

1-215 

1-855 

•895 

1377 

•945 

1*454 

•850 

-847 

1-809 
130S 
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coefficient  of  discharge,  corresponding  to  the  diameter 
or  =  rs  will  increase  to  1*498  or  1*555  ;  that  is,  the 

discharge  is  -—  =  2*4,  or  --  =  2*5  times  as  much 

^  ■C22  '  -622 

as  through  an  orifice  (whose  diameter  is  o  r)  in  a  thin 

pkte;  and  —    =  1*9  times  as  much  as  through  a 

short  cylindrical  tube  a,  Fig.  24,  whose  diameter  is 
also  or,  Venturi  was  of  opinion  that  this  discharge 
continued  even  when  the  central  cylindrical  portion 
or  8t  was  of  considerable  length ;  but  this  was  a  mis- 
take, as  the  maximum  discharge  is  obtained  when  it  is 
reduced  so  that  o  o  r  r  and  %  8  tT  shall  join,  as  in 
diagram  8,  Fig.  26.  It  is  seen  from  No.  16  of  the  fore- 

l'S69  1*569 

going  coefficients  that  -—  =  2*52  and  — -  ==  1*91  are, 

perhaps,  nearer  to  the  maximum  results  obtainable 
by  comparing  the  discharge  &om  a  compound  tube 
o  0  s  T  r  K,  diagram  8,  Fig.  25,  with  those  through  an 
orifice  in  a  thin  plate,  and  through  a  short  cylin- 
drical tube.    T\Tien  the  form 

Fig*.  20 


of  the  tube  becomes  curvi- 
lineal  throughout,  as  in 
Fig.  26,  s  T  =  1'8  o  r  and 
o  s  =  9  o  r,  the  coefficient 
suited  to  the  diameter  o  r  will  be  1*57  nearly,  and  the 

1*57 

discharge  will  be  —  =  2*52  times  as  much  as  through 

an  orifice  o  r  in  a  thin  plate. 

The  whole  of  the  preceding  coefficients  have  been 
determined  firom  circumstances  in  which  the  co- 
efficient for  an  orifice  in  a  thin  plate  was  '622,  and 
for  a  short  cyUndrical  tube  '822  or  '828.  When  the 
circumstances  of  head  and  approaches  in  the  reservoir 
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are  such  as  to  increase  or  decrease  those  primary  co- 
efficients,  the  other  coefficients  for  compound  adjutages 
will  have  to  be  increased  or  decreased  proportionately. 
After  examining  the  foregoing  results,  it  appeaii^ 
sufficiently  clear  that  the  utmost  effect  produced  by 
the  formation  of  the  compound  mouth-piece  o  o  s  t  r  n, 
with  the  exception  of  No.  17,  is  simply  a  restoration 
of  the  loss  effected  by  contraction  in  passing  through 
the  orifice  o  b  in  a  thin  plate,  and  that  the  coefficient 
2*5  applied  to  the  contracted  section  at  or  is  simply 
equal  to  the  theoretical  discharge ,  or  the  coefficient  unity  y 
applied  to  ilie  primary  orifice  o  r  ;  for,  as  orifice  o  r  : 
orifice  o  r  : :  1  :  '64,  very  nearly,  when  o  o  r  r  takes  the 
form  of  the  vena-contraxita,  and  the  coefficient  of  dis- 
charge for  an  orifice  o  r  in  a  thin  plate  is  *622,  then  the 
ratio  of  the  theoretical  discharge  through  the  orifice 

0  R,  is  to  the  actual  discharge  through  an  orifioe  o  r,  so  is 

1  to  -622  X  -64,  so  is  1  :  '89808  : :  1  :  '4  very  nearly ; 
and  as  *4  X  2*5  =  1,  it  is  clear  that  the  form  of  the 
tube  o  0  s  T  r  R,  when  it  produces  the  foregoing  effect, 
simply  restores  the  loss  caused  by  contraction  in  the 
venorcontracta.  Yenturi's  sixteenth  experiment,  firom 
which  the  coefficients  in  No.  17  of  the  Table  are 
derived,  gives  the  coefficient  1*215  for  the  orifice  o  r. 
This  indicates  that  a  greater  discharge  than  the  theo- 
retical through  the  receiving  orifice  may  be  obtained. 
It  is,  however,  observable  that  Venturi,  in  his  seventh 
proposition,  does  not  rely  on  this  result,  and  Eytel- 
wein's  experiments  do  not  give  a  larger  coefficient  than 
2'5  applied  to  the  contracted  orifice  o  r,  which,  as 
above  shown,  is  equal  to  the  theoretical  discharge 
through  o  R. 
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SHOOTS. 

When  the  sides  and  under  edge  of  an  orifice  or 
notch  increase  in  thickness,  so  as  to  be  converted  into 
a  shoot  or  small  channel,  open  at  the  top,  the  co- 
efficients reduce  very  considerably,  and  to  some  extent 
beyond  what  the  increased  resistance  from  friction, 
particularly  for  small  depths,  appears  to  indicate. 
Poncelet  and  Lesbros*  foimd  for  orifices  8''  X  8'', 
that  the  addition  of  a  horizontal  shoot  21  inches  long 
reduced  the  coefficient  from  "604  to  "601,  with  a  head 
of  about  4  feet ;  but  for  a  head  of  4^  inches  the  co- 
efficient fell  from  -672  to  -483.  For  notches  8''  wide, 
with  the  addition  of  a  ho]:izontal  shoot  9'  10^'  long,  the 
coefficient  fell  from  '582  to  '479  for  a  head  of  8'' ;  and 
from  -622  to  -340  for  a  head  of  V\  Castel  also  found 
for  a  notch  8"  wide,  with  the  addition  of  a  shoot  8" 
long,  inclined  4^  18',  the  mean  coefficient  for  heads 
from  2"  to  ^^'\  to  be  "627  nearly.  The  effects  arising 
from  friction  alone  will  be  perceived  from  the  short 
table  at  the  beginning  of  this  section,  p.  146. 

The  orifice  of  entry  into  a  shoot  and  its  position 
with  reference  to  the  sides  and  bottom  modify  the 
discharge,  the  head  remaining  constant.  Lesbros  f 
has  given  the  coefficients  suited  to  different  positions 
of  shoots  both  within  and  without  a  cistern,  and  from 
notches  and  submerged  orifices ;  but,  however  valuable 
these  are  in  some  respects,  they  are  of  little  practical 
use  to  the  engineer.  The  general  principles  which 
are  involved  in  the  modification  of  these  coefficients 

*  Tnit^  d'Hydrauliqne,  pp.  46  et  94. 

t  Vide  Morin's  Hydiauliqne,  denxi^me  Edition,  pp.  29  et  40. 
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have,  however,  been  already  pointed  out  when  dis- 
cussing the  effects  of  the  position  of  the  orifice,  and 
tlie  addition  of  short  tubes,  on  the  discharge.  Equa- 
tion (74b),  p.  196,  is  here  applicable. 


SECTION  VII. 

LATERAL  CONTACT  OF  THE  WATER  AXn  TUBE. — ATMO- 
SPHERIC PRESSURE. — HEAD  MEASURED  TO  THE  DIS- 
CHARGING   ORIFICE. COEFFICIENT  OF   RESISTANCE. 

FORMULA    FOE    THE    DISCHARGE    FROM    A    SHORT 

TUBE. — DIAPHRAGMS. OBLIQUE  JliXCTIONS. FOR- 
MULA FOR  THE  TIME  OF  THE  SURFACE  SINKING  A 
GIVEN  DEPTH. — LOCK  CHAMBERS. — SLUICES. — TIDAL 
SLUICES. 

The   contracted 

vein  o  r  is  about  "8 

times    the    diameter 

o  R  ;  but  it  is  found, 

notwithstanding,  that 

water,  in   passing 

through  a  short  tube 

of  not  less  than  \\ 

diameter  in  length,  fills  the  whole  of  the  discharging 

orifice  s  t.     This  is  partly  effected  by  the  outfiowing 

column  of  water  carrying  forward  aiid  exhausting  the 

air  between  it  and  the  tube,  and  by  the  external  air 

then   pressing   on  the   column   so   as   to  enlarge  its 

diameter   and  fill  the   whole  tube.      When  once  the 

water  approaches  closely  to  the  tube,  or  is  caused  to 
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approach,  it  is  attracted  and  adheres  with  some  force 
to  it.  The  water  between  the  tube  and  the  vena-con- 
iraeta  is,  howeyer,  rather  in  a  state  of  eddy  than  of 
forward  motion,  as  appears  from  the  experiments,  with 
the  tube,  diagram  2,  Fig.  2£,  giving  the  same  discharge 
as  the  simple  cylindrical  tube.  If  the  entrance  be  con- 
tracted bj  a  diaphragm,  as  at  o  b.  Fig.  27,  the  water 
win  also  generally  fill  the  tube,  if  it  be  only  sufficiently 
long.  Short  cylindrical  tubes  do  not  fill  when  the 
discharge  takes  place  in  an  exhausted  receiver;  but 
even  diverging  tubes,  n.  Fig.  24,  will  be  filled,  under 
atmospheric  pressure,  when  the  angle  of  divergence, 
o,  does  not  exceed  7  or  8  degrees,  and  the  length  be 
not  very  great  nor  very  short. 

When  a  tube  i$  fitted  to  the  bottom  or  side  of  a  vessel^ 
it  M  found  that  the  discharge  is  that  due  to  the  head 
measured  from  the  surface  of  the  water  to  the  lower  or 
diseharffing  extremity  of  the  tube.  It  must,  however, 
be  sufficiently  long,  and  not  too  long,  to  get  filled 
throughout.  Guiglielmini  first  referred  this  effect  to 
atmospheric  pressure,  but  the  first  simple  explanation 
is  that  given  by  Dr.  Mathew  Young,  in  the  Transac- 
tions of  the  Royal  Irish  Academy,  vol.  vii.,  p.  66. 
Yenturi,  also,  in  his  fourth  proposition,  gives  a 
demonstration* 

The  values  of  the  coefficients  for  short  cylindrical 
tubes,  which  are  given  p.  156,  have  been  derived  from 
experiments.  Coefficients  which  agree  pretty  closely 
with  them,  and  which  are  derived  from  the  coefficients 
for  the  discharge  through  an  orifice  in  a  thin  plate, 
may,  however,  be  calculated  as  follows  :  Let  c  be  the 
area  of  the  approaching  section,  Fig.  27,  a  the  area  of 
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the  discharging  short  tube,  and  a  the  area  of  the 
orifice  o  R  which  admits  the  water  from  the  vessel  into 
the  tube  :  also  put,  as  before,  h  for  the  head  measured 
from  the  surface  of  the  water  to  the  centre  of  the 
tube,  and  diaphragm  o  r  ;  t;  for  the  actual  velocity  of 
discharge  at  st  ;  v^  for  the  velocity  of  approach  in  the 
section  c  towards  the  diaphragm  o  r  ;  and  c^  for  the 
coefficient  of  contraction  in  passing  from  o  r  to  o  r ; 
then  c  X  v»  =  A  X  V,  the  contracted  section  o  r  =^ 
Cq  X  a,  and  consequently  the  velocity  at  the  con- 
tracted section  is  equal  to =  — ^.     Now  a  theo- 

a  Cq       a  Cq 

retical  head  equal  to 

is  necessary  to  change  the  velocity  v^  into  v  by  the 
action  of  gravity;  but  as  the  water  at  the  contracted 

section  o  r,  moving  with  a  velocity ,  strikes  against 

the  water  between  it  and  t  s,  moving,  from  the  nature 
of  the  case,  with  a  slower  velocity,*  a  certain  loss  of 
effect  takes  place  from  the  impact.  If  this  be,  sup- 
posed, sudden,  then  writers  on  mechanics  have  shown 
that  a  has  of  head,  equal  to  that  due  to  the  difference 

A  V 

of  the  velocities,   —  r,  before  and  after  the  impact 

a  Cq 

must  take  place.  This  loss  of  head  is  therefore  equal  to 

(-A_i)V 

\acc        / 
2^ 

*  Vide  Sir  Robert  Kane's  translation  of  Kiililman*8  book  on  Hori- 
zontal Water  Wheels,  p.  49. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS,  1G3 

whence  the  whole  head, 

(60.)         h  =  "^ ^^       g^"'' —. 

from  which  the  velocity  from  a  short  tube,  is  found 
to  be 


(61 


Now,  Bs  y/  2  g  k  would  be  the  velocity  of  discharge 
were  there   no  resistances,   or   loss  sustained,  it  is 

f 1 )i 

evident  that-<  ^  _  -^  i   fj^ jV  r    becomes  as  it 

were  a  coefficient  of  velocity.  When  the  diameter  of 
the  diaphragm  o  b  becomes  equal  to  the  diameter  s  t 
of  the  tube,  a  =  a,  and  as  the  coefficient  of  velocity 
becomes  equal  to  the  coefficient  of  discharge  when 
there  is  no  contraction,  in  such  case  this  coefficient, 
which  we  call  c  of,  is  expressed  by  the  formula 

w   c  0/. = {x  -  - + e  - ' )'}  ■  * 


*  When  the  diaphragm  is  placed  in  a  tnbe  of  nnifonn  bore,  then 
c»  A,  and 

^-1       ±^^ 


ac,  a 

and  the  loss  of  head,  in  passing  the  diaphragm,  becomes 


It  it  endent  from  the  equations  that  —  and  &  depend  mntoally  ou 

M  2 
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and  when  the  approaching  section  c  is  very  large 
compared  with  the  area  A, 

(63.,  c./-=;{rr^}* 

If  Co  =  '64,  the  last  equation  gives  c  of .  =  '872;  if 
Ce  =  -601,  cof.  =  -888;  if  c^  =  -617,  cof.  =  '847; 
and  if  c^  =  '621,  c  of .  =  '866.  These  results  are  in 
excess  of  those  derived  from  experiment  with  cylin- 
drical short  tubes,  perfectly  square  at  the  ends  and  of 
uniform  bore.  As  some  loss,  however,  takes  place  in 
the  eddy  between  o  r  and  the  tube,  and  from  the  fric- 
tion at  the  sides,  not  taJken  into  account  in  the  above 
calculation,  they  will  account  for  the  differences  of  not 
more  than  from  4  to  6  per  cent,  between  the  calculation 
and  experiment.  If  Co  be  assumed  for  calculation  equal 
•590,  then  c  of '='821 ;  and  as  this  result  agrees  veiy 
closely  with  the  experimental  one,  c^  should  be  taken 
of  this  value  in  using  the  foregoing  formulse,  from  (60) 
to  (68),  for  practical  purposes.  The  thickness  of  the 
diaphragm  itself  and  the  relation  of  that  thickness  to 
the  diameter,  as  well  as  the  form  of  the  orifice  a, 
are  necessary  elements  in  the  consideration  of  this 
question. 

COEFFICIENT  OP  RESISTANCE.  —  LOSS  OF  MECHANICAL 
POWER  IN  THE  PASSAGE  OF  WATER  THROUGH  THIN 
PLATES  AND   PRISMATIC   TUBES. 

The  coeflBicients  of  contraction,  velocity,  and  dis- 

each  other,  and  that  they  cannot  be  assumed  arbitrarily.  See  equa- 
tions (66),  (67)i  (123),  (124),  and  (125),  with  the  cotiesponding 
remarks. 
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ch&i^e  have  been  already  defined.  The  coefficient  of 
resistance  is  the  ratio  of  the  head  due  to  the  resistance, 
to  the  theoretical  head  due  to  the  actual  or  final  velocity. 
If  t?  be  this  latter  velocity,  the  theoretical  head  due  to 

it  is  ^r— ;  and  if  c,  be  the  coefficient  of  resistance,  then 

the  head  dae  to  the   resistance   itself  is,  from  our 

v^ 
definition,  c,  X  ^r-.    Now  if  c^  be  the  coefficient  of 

^9 
velocity,  the  theoi*etical  velocity  of  discharge  must  be 

V  •    •  V 

— ,  and  the  head  due  to  it  is  equal  -s — ;    but   as 

Ct  ^       cJ  X  2^' 

the  theoretical  head  due  to  v  is^r-y  then 

cj  X  2(/""2^^  W"     /"2^ 
is  the  head  due  to  the  resistance ;  and,  therefore,  from 
the  definition,  the  coefficient  of  resistance  is 

(64.)  c,  =  ^-l; 

from  which  the  coefficient  of  velocity  is  found 

(««•>  '''  =  {cTTl}*- 

These  equations  enable  us  to  calculate  the  coefficient 
of  resistance  from  the  coefficient  of  velocity,  and  vice 
versd.  If  (v  =  1>  ^t  =  0>  as  it  should  be.  The 
following  short  table,  calculated  from  equation  (65), 
will  be  of  use.  In  short  tubes,  the  coefficient  of 
velocity  Cy  is  equal  to  the  coefficient  of  discharge  Cd** 
The  coefficient  of  velocity  for  an  orifice  in  a  thin 

*  See  the  tables  of  resistances,  discbarge,  and  contraction^  pp.  16a 
and  171. 
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COEFFICIENTS  OF  VELOCITY  AND  BESI8TAKCE. 


Coeffident 

of 
velocity. 

Coefficient 

of 
resistance. 

Coefficient 

of 
velocity. 

Coefficient 

of 
resistance. 

1 

Coefficient 

of 
velocity. 

1 
Coefficient 
of         , 

•990 

.•970 

•950 

•930 

•020 
•063 
•109 
•156 

•910^ 
•890 
•870 
•850 

•208 
•263 
•320 
•383 

•830 
•820 
•814 
•810 

•452 
•488 
•508 
•525 

plate,  or  for  a  mouth-piece,  Fig.  4,  is  '974 ;  while 
that  for  a  short  prismatic  tube,  A,  Fig.  24,  is  '814 
nearly.  The  coefficient  of  resistance  in  the  former 
case  is  '054,  and  in  the  latter  '508 ;  there  is,  therefore, 
9-4  times  as  great  a  loss  of  mechanical  power  in 
the  passage  through  short  prismatic  tubes,  as  through 
orifices  in  thin  plates  or  tubes  with  a  rounded  junction, 
as  in  Fig.  4,  the  quantities  of  water  discharged  and 
the  discharging  orifices  being  the  same. 

If  the  quantities  discharged  and  the  heads  be  the 
same  in  both  cases,  then 


^. 


^o 


is  equal  to  the  head ; 


2  gr  X  -8142  "  2  flf  X  •974« 
«*  f? 

*^**  ^«'  -663  X  2  g  =  -949  X  2  g'  ''''  '^^^  "^'-^^  ^»' 
whence  we  get  t/-?  =  -698  vj  and  vj  =  1'4S1  rf  for  the 
relation  of  the  discharging  velocities,  ^oi  from  an 
orifice,  and,  rt,  from  a  short  tube.     The  height  due  to 

the  resistance  is  therefore,  ( -rrrro  "•  ^m-t^  for  short 

\  '814*         J  2g 

prismatic  tubes,  alid  f  .Q,y  .g  —  1  j  — ^ ^  for  orifices 

in  thin  plates.  These  are  to  each  other  as  *508  to 
-054  X  1-431,  or  as  5'08  to   '773,   that  is  to  say. 
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tlie  loss  of  mechanical  power  arising  from  the  resistance 
in  passing  through  short  tubes  is  6*57  limes  as  great  as 
when  the  water  passes  through  thin  plates  or  mouth- 
pieces, as  in  Fig.  4 ;  and  the  discharging  mechanical 
power  in  plates^  is  to  that  in  tubes  as  1*431  to  1,  or  as 
1 :  '698,  the  heads  and  quantities  discharged  being 
the  same. 

The  whole  loss  of  mechanical  power  in  the  passage 
is  5*4  per  cent,  for  the  plates,  and  about  51  per  cent^ 
for  short  tubes*  If  the  loss  compared  with  the  whole 
head  be  sought,  then,  when  v  is  the  discharging  velo- 

city,  —rj  is  the  theoretical  velocity  due  to  the  head 

in  short  tubes,  and  its  square  -^r—z  =  -tt;^  is   as   the 

^         -814^       *668 

whole  head ;  therefore,  the  whole  head  is  to  the  head 
due  to  the  discharging  velocity  as  ^^^  to  t?^,  or  as  1 

to  *663 ;  and  as  '508  is  the  coefficient  of  resistance  * 
for  the  dischanging  velocity,  '508  x  '668  =  '887  is 
the  coefficient  of  resistance  due  to  the  whole  head ; 
this  is  equal  to  a  loss  of  84  per  cent,  nearly,  or  about 
one-third.  In  like  manner,  -974^  x  '054  =  '0512  is 
found  for  the  coefficient  when  the  discharge  takes 
place  through  thin  plates,  or  5^  per  cent,  of  the  whole 
head. 

DIAPHBAGMS. 

When  a  diaphragm,  o  R,  Fig.  27,  is  placed  at  the 
entrance  of  a  short  tube,  it  is  shown,  page  162^  that 

♦  Table,  p.  160. 
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.3 


a  loss  of  head  equal  ^ takes  place  when  v 

is  the  discharging  velocity,  whence  the  coefficient  of 
resistance  is  equal  to  f 1  )  »  *  according  to  the 

definition.  The  coefficient  of  contraction  Cc,  as  before 
shown,  page  164,  should  be  taken  equal  to  *590  in  the 
application  of  formula  (68) ;  and,  as  it  must  also  be 
taken  equal  to  about  '621  when  the  area  of  the  tube  a 
is  very  large  compared  with  the  area  a  of  the  orifice 
o  B  in  the  diaphragm,  it  may  be  assumed  that  when 

—  is  equal  to 

A 
r       0,         1.         -2,         •?,         -4,         -5,         -6,         7.         -8,         -9,    and     1        -v 

\  successively,  the  coefficient  c^  must  be  taken  equal  to  >- 

I  -621,     -818,     -615,     -6U      -609.     '606,     -603^     -600^     '697.     -993;    and    1S90^  J 

taken  in  the  same  order.  As  the  approaching  section 
c  may  be  considered  exceedingly  large,  the  value  of 
the  coefficient  of  discharge  or  velocity,  as  the  tube 
o  B  s  T  is  supposed  fiill,  in  equation  (61),  becomes 

i 

(66.)  Ci  = 


1  + 


\a  Co         /J 


and  the  coefficient  of  resistance 

(67.)  c,  =  (— —  1 V; 

\a  Co  / 

*  For  the  sudden  alteration  in  the  velocity  paasing  through  a 
diaphragm,  we  must  reject  the  hypothesis  of  D'Auhuisson,  lMt6 
d'Hydranlique,  p.  238,  and  adopt  that  of  Kavier,  taking  tiie  loss  of 
head  to  correspond  to  the  square  of  the  difference  and  not  to  the  differ- 
ence  of  the  squares  of  the  velocities  in  and  afUr  passing  the  orifice. 
The  coefficient  of  contraction  must,  however,  be  varied  to  suit  the 
ratio  of  the  channels,  as  it  is  in  this  and  the  following  pages. 
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from  which  equations  and  the  ahove  values  of  c^y  cor- 
responding to — ,  the  following  values   of  the  coefiS- 

cients  of  discharge  and  resistance  through  the  tuhe 
o  B  s  Ty  Fig.  27  have  been  calculated. 

COKFFICIENTS  OF  CONTBACTIOK,   DISCHABOE,   AND  KESI8TANCE  FOR. 

DIAPHRAGMS. 


Bstio 

a 

▲ 

Coefficient 

Coefficient 

for  the 
orlfloo  A. 

Coefficient 

Ratio 
a 

a' 

Coefficient 

Coefficient 

for  the 
orifice  A. 

Coefficient 
^r- 

0-0 

•621 

•000 

infinite. 

0-6 

•603 

•498 

8-116 

01 

•618 

•066 

281- 

0-7 

•600 

•687 

1-907 

0-2 

•616 

•189 

50-8 

0-8 

•697 

•675 

1-198 

0^8 

•612 

•219 

19-8 

0-9 

•698 

•753 

•762 

0-4 

•609 

•807 

9-6 

1-0 

•590 

•821 

•483 

0-5 

•606 

•399 

6-8 

•  •a 

•  •  • 

■  ■  • 

•  •  • 

In  this  table  c^  is  the  coefficient  of  contraction^  c^ 
the  coefficient  of  discharge,  suited  to  the  larger  section 
of  the  pipe  a,  at  s  x ;  and  c^  the  coefficient  of  resist- 
ance. The  discharge  is  found  from  equation  (61),  as 
c  is  here  very  large  compared  with  A,  to  be 

'        1        u 


(67a.)  D  =  AV2p/ij^  /j^  _  ^y 

Va  Co        /  . 

=  A  VT^i  I Y^^ }  -'i  A  VT^. 

The  coefficient  of  resistance  c,  is  here  equal  (— — 11, 


and  the  coefficient  of  discharge  c^  = 


(1  +c,)» 


1. 


*  For  the  loss  sostained  by  contraction  in  the  bore  of  a  pipe  by  a 
diaphragm,  see  eqiuttionB  (128),  (124),  and  (126).     The  actual  value  of 
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The  tube  must  be  so  placed,  that  the  water,  after 
passing  the  diaphragm,  shall  fill  it;  for  instance, 
between  two  cisterns,  when  the  height  h  must  be 
measured  between  the  water  sm*faces,  or  when  the 
tube  is  sufficiently  long  to  be  filled ;  in  this  case,  how- 
ever, ilie  height  must  he  determined  from  the  discharging 
velocity f  as  a  portion  of  the  head  is  required  to  over- 
come the  friction,  which  shall  be  referred  to  more 
particularly  in  the  next  section. 

The  table  shows  that  the  head  due  to  the  resistance 
is  5*8  times  that  due  to  the  discharging  velocity,  when 
the  area  of  the  diaphragm  is  half  the  area  of  the 
tube ;  that  is,  the  whole  head  required  is  6*8  times 
that  due  to  the  velocity,  and  that  the  coefficient  of 
discharge  is  reduced  to  '899.  In  order  to  find  the 
coefficients  suited  to  the  smaller  area  of  the  orifice  in 
the  diaphragm  o  b,  when  it  is  to  be  used  in  calcula- 
tions of  the  discharge,  divide  the  numbers  corresponding 

to  — into  those  of  c^,  opposite  to  them  in  the  table. 
Thus,  when—  =  "8,  then  the  coefficient  of  discharge 
suited  to  the  area  a,  is  equal— —-  =  '844,  and  so  of 
other  values  of  the  ratio  — .      The  coefficients  in  the 

A 

table,  page  169,  are  for  the  larger  orifice  a  in  the 
formula  d  =  a  c^  V  2  gf  A. 

Ce  in  equation  (67a)  depends  on  the  thickness  of  the  diaphragm  as  weU 
as  on  the  relation  of  a  and  A.  The  form  of  the  orifice  a  also  affects 
the  yalneof  £«. 
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SHORT   TUBES   OBLIQUE  AT  THE   JUNCTION. 

When  a  tube  is  at- 
tached obliquely,  as  in 
Fig.  28,  the  author 
has  found  that  if  the 
number  of  degrees  in 
the  angle  tos,  formed 
by  the  direction  of 
the  tube  o  s,  with  the  perpendicular  o  t,  be  represented 
by  <^,  then  "814  —  -0016  <^  will  give  the  coefficient  of 
discharge  corresponding  to  the  obliquely  attached  short 
tube  in  the  Figure.  This  formula  is,  however, 
empirical,  but  it  is  simple,  and  agrees  pretty  closely 
with  experimental   results.      As    the    coefficient    of 

*-s-  —  1,  equation  (64),  then  here 


resistance  is  eqiial 

1 


c,  = —    1 :    from  these  eauations 

(-814  — -0016  4»)*         ^*     ^"  ^4       u  3 

the  following  table  for  heads  measured  to  the  middle 
of  the  outside  orifice  has  been  calculated : — 

COEFFICUSMTS  OF  DISCHABOE  AND  B£SISTA1?CE  FOR  OBLIQUE 

JUNCT0N8. 


Coefficient 

Coefficient 

Coefficient 

Coefficient 

indogreea 

of 
diflohai^Se. 

of 
resistance. 

in  degrees. 

of 
discharge. 

of 

0* 

•814 

•508 

35' 

•768 

•740 

5 

'806 

•639 

40 

•760 

•778 

10 

•798 

•669 

46 

•742 

•816 

15 

•790 

•602 

50 

•784 

•866 

20 

•782 

•636 

55 

•726 

•897 

25 

•774 

•669 

60 

•718 

•940 

30 

•766 

•704 

65 

•710 

•984 

The  coefficient  of  resistance  for  a  tube  at  right  angles 
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to  the  side,  is  to  the  like  coefficient  when  it  makes  an 
angle  of  45  degrees  as  '608  to  '816,  or  as  1  to  1*6 
nearly ;  and  the  loss  of  head  is  greater  in  the  same 
proportion.  If  the  short  tube  be  more  than  three  or 
four  diameters  in  length,  friction  will  have  to  be  taken 
into  account.  The  head  h  is  measured  to  the  centre 
of  the  outside  orifice. 


FORMULA  FOR  FINDING  THE  TIME  THE  SURFACE  OF  WATER 
IN  A  CISTERN  TAKES  TO  SINK  A  GIVEN  DEPTH. — ^DIS- 
CHARGE FROM  ONE  VESSEL  OR  CHAMBER  INTO 
ANOTHER. — LOCK  CHAMBERS. 


^.^ 1  i iM  '* 


1: 


F=- 


Fig>.29|i  In  experiments  for 
finding  the  value  of  the 
coefficients  of  discharge, 
one  of  the  best  methods 
is  to  observe  the  time 
the  water  discharged 
from  the  orifice  takes  to 


....j^ 


sink  the  surface  in  a  prismatic  cistern  a  given  depth ; 
the  ratio  of  the  observed  to  the  theoretical  time  will 
then  give  the  coefficient  sought.  A  formula  for  finding 
the  time  is,  therefore,  of  much  practical  value.  In 
Fig.  29,  the  theoretical  time  of  falling  from  «  t  to  s  t, 
in  seconds,  is 

in  which  a  is  the  area  of  the  orifice  o  r,  and  a  the  area 
of  the  prismatic  vessel  at  8  f  or  s  t  :  this  formula  is 
for  measures  in  feet.     For  measures  in  inches,  we  have 


ORIFICES.    WEIRS,   FIFES,   AND  RIVERS.  173 

This  time  is  double  the  time  required  to  discharge 
the  same  quantity  if  the  head  at  the  orifice  remained 
constant. 

Example  VII. — A  cyltjidncal  vessel  5'74  inches  ire 
diameter  bat  an  onfiee  '2  inch  in  Ammeter  at  a  depth 
of  16  inches  below  the  surface,  measured  to  the  centre ; 
it  is  found  that  the  water  sinks  4  inches  in  51  seconds  ; 
what  M  the  coefficient  of  discharge  f 

The  theoretical  time  t  is  found  &om  equation  (69), 

equal    , 

5-74    X  -7854  ^.^.x-^^^,.     ^.aoa.x 

13^9^n25^r^7854^1^*-^2i}-^55^(4-S-4641} 

=:    .g-g     X  '5359  =  81*8  Becoads;  hence,-gj-  =*624 

is  the  coefficient  sought.  When  the  orifice  o  b  and 
the  horizontal  section  of  the  vessel  are  similar  figures, 

A     ,  81^ 

-  is  eqnal  -— ^ ;   and  therefore,  for  circular  cisterns 

and  orifices,  it  is  unnecessary  to  introduce  the  multi- 
plier -7854. 

Formula  for  the  time  water  in  a  prismatic  vessel 

takes  to  fall  a  given  depth,  when  discharged  from  an 

Fig.  28a. 


orifice  at  the  side  or  bottom  are  given  above.    The 
time  the  sur&ce  s  i,  diagram  1,  Fig.  29a,  takes  to  rise 
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to  8  tj  when  supplied  through  an  orifice  or  tube  o  b, 
from  an  upper  large  chamber  or  canal,  whose  sur&ice 

«'  t'  remains  always  at  the  same  level,  is  ^/^      * 

•^  '       Cd  a  V  2  ^ ' 

and  thence  the  time  of  rising  from  b  to  s  for  measures 

in  feet  is 

and  for  measures  in  inches 

in  which  A  is  the  area  of  the  horizontal  section  at  s  t  ; 
a  the  sectional  area  of  the  communicating  channel  or 
orifice  o  b  ;  c^  the  coefficient  of  discharge  suited  to  it, 
and  hi  and  /,  as  shown  in  the  diagram. 

In  order  to  find  the  time  of  filling  the  lower  vessel 
to  the  level  s  t,  supposing  it  at  first  empty,  the  contents 
of  the  portion  below  o  b  are  equal  to  aA^,  and  the  time 
of  filling  it  equal  to 

(69c.)  m25^i\ 

then  the  time  of  filling  up  to  any  level  s  t,  for  mea- 
sures in  feet,  is  equal  to  the  sum  of  (69a)  and  (69c) ; 

that  is, 

A/ti       .  1,      2/i) 

__  A  (2Ai  +  A,-2/ttJ) 
~  8025  c^ahi       , 

and  for  measures  in  inches 

*  The  time  of  rising  from  s  to  «  (diagmm  1)  is  exactly  doable  the 
time  it  would  take  to  fill  the  same  depth  beUno  it,  if  the  pressure/ 
remained  uniform. 
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^\       r«        *2     2/4) 

A(2fe  +ft3-2/U4) 
~         27-8  c^ah\         • 
When  s  t  coincides  with  8  t 

^OOT.;  T  -  8-02oCdafc^' 

for  measures  in  feet,  and 

^^^^•^  ^  -    27-8caaA4  ' 

for  measures  in  inches.  These  equations  are  exactly 
suited  to  the  case  of  a  closed  lock-chamber  filled  from 
an  adjacent  canal. 

When  the  upper  level  s'  t'  is  also  variable,  as  in 
Diagram  2,  the  time  which  the  water  in  both  vessels 
takes  to  come  to  the  same  uniform  level  s'  t'  a  t^  which 
is  known  or  easily  found,  is 

in  which  fti  4-  /i  —  A  =:/+/i  is  the  difference  of  levels 
at  the  beginning  of  the  flow ;  Ai  the  horizontal  section 
of  the  upper  chamber ;  and  the  other  quantities  as  in 
Diagram  1.     As  Aj  ./i  =  Ai  ./,  then 

Now,  in  order  to  find  the  time  of  falling  a  given  depth 
Sx  below  the  first  level  s'  t',  the  head  above  %'  i'  %t  is 
equal  to^i— /^  in  the  upper  vessel,  and  the  depth  below 

it  in  the  lower  vessel  is  equal  to   -^ —  ;    whence 

the  difference  of  levels  in  the  two  vessels  at  the  end  of 
the  fall  d,  is 
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/i  -  »  +  2 =  —J~  (/i  -fxh 

The  time  of  falling  through  any  given  depth,  J^  is, 
therefore,  from  equation  (69h), 

Cda(A  +  Ai)\/25f  Cda(A+Ai)V2^ 

2  A  At  (fA'fM 

When  /x  =  /i  this  is  reduced  to  t  = ^   ^  ^'  7/4--' 

and  farther  when  a  =  Ai  this  last  is  again  &rther 

reduced  to  f  =  7=-  =  Tk=^' 

c^awg         Cdav2flr/i 

in  which  V  2  g  =  8*025  for  measures  in  feet,  and 
€qual  27'8  for  measures  in  inches.  The  whole  time  of 
filling  to  a  level  the  lower  empty  vessel,  is  found  by 
adding  the  time  of  filling  the  portion  below  r,  deter- 
mined in  a  manner  similar  to  equations  (68),  to  be 

to  the  time  of  filling  above  b,  given  in  equation  (69h), 
T^hen  h  is  taken  equal  to  zero.  Equations  (69h), 
(69i),  and  (69k)  are  applicable  to  the  case  of  the  upper 
and  lower  chambers  of  a  double  lock,  after  making  the 
necessary  change  in  the  diagrams. 

T^  above  equations  require  further  extensions 
when  water  flows  into  the  upper  vessel  while  also 
flowing  from  it  into  the  lower ;  such  extensions  are, 
however,  of  little  practical  value,  and  we  therefore 
omit  them.     For  sluices  in  flood-gates  with  square 
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arrises,  c^  may  be  taken  at  about  '545,  but  with  rounded 
arrises,  the  coefficient  will  rise  much  higher.  See 
Sections  III.  and  VI. 


SLUICE    OPES. — ^FLOOD   AND   TIDAIi   SLUICE    OPES. 

Equations  (41),  (42),  (43),  (48),  (49),  (50),  and  (51) 
give  the  discharge  from  sluice  opes  under  different 
circumstances  when  folly  open,  submerged,  or  partly 
submerged.  Rejecting  the  velocity  of  approach,  and 
measuring  the  depth,  h  to  the  centre,  or  centre  of 
gravity,  of  the  orifice,  whose  area  is  a,  equation  (41),  be- 
comes, for  the  case  in  Fig.  12,  with  any  form  of 
section,  rectangular  or  circular,  entirely  open  and 
without  back  water. 

'^D=CdaV2^fe=8'025cda\/A,foronesecond;  or 

fA^    X  /!>  =  481*6  Cd  a  s/H,  for  one  minute  ;  or 
(41a.)-(  f—  ,        , 

]D=4'95  a  V  /iwhen  Cd=:'617  in  one  second;  and 

=  297  Q>  \/li  in  one  minute. 
All  in  feet  measures. 

In  the  case,  Fig.  20,  in  which  the  sluice  is  covered, 
or  entirely  submerged,  then  the  discharge  in  one 
minute,  in  feet  measures,  equation  (48)  becomes  also 

(47a.)         d  =  60  Cd  a  V  2  gf  A  =  297  a  VJ ; 
in  which,  however,  h  is  now  the  difference  of  level 
between  the  surfaces  of  the  upper  and  lower  waters. 
If  Od  be  taken  '582  instead  of  '617  then 

(47b.)  d  =  280  a  VX 

But  if  the  coefficient  run  up  to  '712  then 

(47c.)  D  =  848  a  VX 

When  the   sluice-ope  is  partly  submerged,  as  in 

N 
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Fig.  21,  putting  a,  for  the  area  of  the  open  portion 
and  Oj  for  that  portion  submerged,  then  for  time  in 
minutes,  equation  (50)  or  (51)  becomes       

(50&51A.)   D=60(cda2\/27fe  +  CdaiY/ 2flf  ^^^ 

=  297^(a   NAT  +  «.  \Ap.) 

for  Cd  =  *617  as  a  mean  value  in  both  a,  and  a^.  It 
however  generally  differs  in  both.  For  a  coefficient  of 
'682  it  becomes  

(50  k  51b.)     d  =  280  (  o,  VT  +  Oj  y/^  ^  M  . 
And  for  an  average  coefficient  of  *712  in  Aj  and  Aj  it  is 
(50  &  51c.)      D  =  348  (  Oa  VT  +  a^  s/  ^  t^")  • 

In  these  formulae  the  pressure  at  the  sluice  remains 
unchanged  and  the  acting  heads  constant. 

When  the  heads  vary.  The  general  differential 
equation  for  the  discharge,  whatever  be  the  law  of 
the  rise  and  fall, /is  evidentiy 

(70.) d T>=c^a y/2^  xdt y/f=  c^a \/2^ xdt  VA^— A. 
The  integration  of  this  equation  depends  on  the  re- 
lation between  /  and  t.  For  the  ordinary  cases  of 
filling  prismatic  ponds  from  upper  levels  the  preceding 
equations  from  (68)  to  (69k)  may  be  used  as  follows  to 
find  D.  If  the  upper  surface  remain  at  the  same  level  as 
in  1,  Fig.  29a ;  while  the  surface  of  the  water  below 
rises  from  the  discharge  through  the  sluice,  and  if  the 
lower  pond  be  a  prism,  whose  horizontal  section  is  a, 
then  dividing  h  a,  the  quantity  by  the  time  t  as  given 
in  equation  (69a),  the  average  discharge  in  average 
seconds  of  the  whole  time  t  is 
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/rr/v    V  4-0125  c^  a  A       a    ,  ^     ., 

(70a.)      d  =      I ^  _  /-i —  .    And  for  the  time  t ; 

4-0125  Cd  A  «         , 

which  are  independent  of  the  area  a  of  the  lower 
vessel-    When  h  =  hi  then/  =  o  and  this  becomes 
(70b.)  d  =  4-0125  c^ahit  =  Ahi 

which  is  exactly  one-half  whont  it  toould  be  in  the  same 
time  if  the  head  hi  remained  constant,  h  =  0,  and  there- 
fore the  lower  level  not  rising  higher  than  o  r. 

If  the  lower  level  remain  unchanged  and  the  upper 
varies^  then,  calling  the  section  of  the  upper  prism  a^, 
the  difference  of  level  hi,  and /the  fall  in  the  time  t, 
the  average  discharge  in  one  second  is  found  in  a 
similar  manner  to  be 

,^^   X  4*0125  c^  a  f       ^    ,  ^     ,, 

(70c.)      D  =  7 1  _  /T   _^  /-vt .     And  for  the  tune  t ; 

__  4-0125  gda/t_^ 
^  -  Ai-(&,-/)4  --^^^^ 

when/  =  hi  this  is  reduced  to 

(70d.)  d  =  4-0125  c^ah\t  =  hi  Ai 

the  whole  discharge  in  the  time  of  falling  through  hi. 
In  &ct  the  values  (70b)  and  (70d)  for  the  relations 
between  the  time,  discharge,  and  head  are  the  same, 
when  either  level,  above  or  below,  is  fixed  and  the 
water  rises  or  falls  in  the  prismatic  pond.  When  the 
pond  or  cistern  is  of  any  irregular  shape  and  section 
the  contents  can  be  divided  by  horizontal  sections  into 
any  suitable  number  of  parts  of  equal  height,  when  the 
whole  time  of  fiUing  or  emptying  will  be  the  sum  of 
the  times  calculated  for  each  horizontal  lamina,  and 

K  2 
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the  greater  the  number  of  laniina  the  more  correct  the 

When  the  levels  of  both  ponds  vary  by  the  water 
passing  from  one  into  the  other,  diagram  2,  Kg.  29a. 
Measuring/ and /i  from  the  common  level  and  calling 
/,  the  height  fallen  in  any  time  t,  then  from  equation 
(69i)  by  dividing  into/,  a  and  multiplying  by  t 
__     Cd  a  A*  (a  +  Ai)  \/"2^  t 

When/x  =  /i  and  the  water  is  one  level  in  both  ponds 
this  becomes 

(70p.)     d=  2a(/  +  /i)4         "^^^^• 

And  when  a  is  infinitely  large,  h  and  /  =  0  this  is 
farther  reduced  to 

(70g.)  d  = 2 "~  J^  ^1 

as  it  should  be.    In  each  of  the  last  three  equations 

the  factor      o  ^  =  4"0126  for  feet  measures.    It  may 

be  said  of  these  formulae  that  the  product /^  Aj,  or/i  Ai, 
gives  the  quantity  at  once,  but  in  many  problems  ^,  /i 
and  t  have  to  be  found  fipom  each  other. 
Assuming  the  form  of  the  ordinary  formula 

D  =  Cd  a  sT^Jfi  =  8-025  c^  a  \^ 
in  one  second,  or  481-5  c^  a  VJi  in  one  minute  for  a 
steady  head/i.  Then  for  a  variable  head  as  in  Fig.  29, 
and  1  Fig.  29a,  the  time  of  dischai^g  a  given 
quantity  is  doubled:  or,  which  is  the  same  thing, 
tiie  coefficient  c^  becomes  now  '5  c   in  the  first  form. 
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In  the  case  of  two  equal  ponds  equation  (70f)  would 

become  

D  =  '707  Cd  a  V  2^/1  X  t, 

and  the  time  1'4142  times  that  required  to  discharge  a 
quantity  equal  to/i  a  with  an  invariable  head/i.  But 
as  the  head  at  the  beginning  was  /i  +  /  =  2/i  if  this 
latter  head  were  used^  the  quantity  being  the  same, 


•707  Cda\/4a/i  x  t 
i>=  4— ^"^ 


=  '177cda\/25f  2/1  x  t, 

or  a  little  over  one-sixth  of  what  it  would  be  if  the 
head  at  the  beginning  2/i,  remained  invariable  for  the 
same  time  t. 


FLOOD  AND  TIDAL   SLUICES. 


The  opes  for  these  are  intended  for  the  drainage  of 
low  embanked  lands.  They  are  fitted  with  gates,  or 
doors,  generally  hung  on  their  upper  side  and  self- 


2     rig.29^ 


5 

H 


acting  so  as  to  shut  when  the  outside  water  rises  over 
the  inside  level,  and  to  open  when  it  sinks  to  or  below 
it,  so  as  to  pass  off  the  inside  water.  The  effective 
head  is  reduced  during  the  time  the  water  takes  ta 
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rise,  between  the  bottom  of  the  aperture — or  low 
water  if  over  the  aperture,-»-and  the  inside  level  of  the 
water  on  the  lands.  During  the  time  of  fall  a  like 
reduction  takes  place  ;  and,  therefore,  the  discharging 
power  of  the  sluice  is  considerably  reduced.  The  re- 
lations between  the  times  and  the  heads  risen  or 
fallen  through  being  known,  the  integration  of  equation 
(70)  can  be  effected  directly  or  by  approximation,  h 
being  any  function  of  t.  When  the  rise  or  fall  of  the 
flood  is  everywhere  proportionate  to  the  time,  as  in 
H  L  I,  diagram  8,  Fig.  29b ;  where  n  l  represents  the 
fall  and  h  i  the  time ;  then  in  diagrams  1  and  2,  if  f 
be  the  time  of  rising  through  A  +  /  =  fc,,  the  time  of 

h  f 

rising  through  *  is  x"  w^d  integrating  equation  70 
accordingly, 

(70a.)  d  =  -g^- ^d  a  V  2  jf  ft ; 

for  the  discharge  in  the  time  of  rising  through  A,  which 
when  hi  =:  h  becomes 

(70b.)    d  =  I  Cd  t  a  V2^Ai  =  '667  c^  t  a  ^2g\. 
The  coefficient  c^  is  therefore  reduced  one-third  when 
Ai=/,  when  hi  =2 /or  at  half  flood,  and  indeed  through- 

out  fti,  for  either  diagram  1  or  2,  the  coefficient  -5 

remains  constant.  The  gate  or  door  at  o  is  supposed 
shut  in  the  time  of  rising  and  falling  through  /i  and  fully 
open  in  the  time  of  rise  or  fall  through  A  +  /  =  A|. 
When  not  fully  open  the  discharge  becomes  still  further 
reduced. 

Tides. — If  the  whole  fall  h  l  be  that  of  a  tide  firom 
high  to  low  water,  then  on  the  assumption  that  when 
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II  fi  Oi  L  is  the  arc  of  a  semicircle  it  represents  time,  t,  of 
rising  or  falling  through  h  l,  the  time  of  rising  through 

0  L  is  represented  by  the  arc  l  Oi,  and  the  time  of  rising 
through  T  o  by  the  arc  Oi  ti  the  direct  integration  of 
equation  (70),  which  then  becomes  by  reduction 

0. .)  dr>=c^  a  V2^x  d  t^  \/h  -  ^-^(  1 "  cos.  ^^) 

ht  4-  f 
in  which  ^  is  the  time  of  rising  through  h ;  and  — 5 — ~^ 

the  semirange  of  the  tide,  gives  the  discharge.  Putting 
the  angle  l  Oi  Oi  =  ^  this  may  be  changed  into 

>.K)dD=c^ay/2gX  Jqqo  xde\/  hi 2^(1— cos ^). 

Or  as  it  can  be  otherwise  expressed,  putting  2  sin.^  ^  ^^^ 

1  —  cos  0 

, 2t        /^\     /  „^ 

(70E.)dD=CdaV2^  X  —  X  d^gjy  Ai  -  (A1+/1)  sin*  g 

The  integration  of  any  of  these  forms  can  only  be 
effected  approximately.  With  tides  from  20  feet  to 
6  feet,  inside  heights,  or  values  of  %i,  from  14  feet  to 
1  foot,  and  times  of  rising  through  those  heights  &om 
285  to  53  minutes,  Mr.  Cotton  calculated  the  co- 
efficients from  CTOe)  and  found  them  to  vary  from 
'748  to  '785.  If  applied  to  the  common  form  these 
give 

(70f.)         d  =  (-748  to  -785)  c^  t  a  \/  2  g  hi, 

for  the  discharge  within  the  limits  of  the  calculations. 
These  *'  tidal  coefficients,"  as  I  shall  call  them,  are 
too  high  for  most  cases  occurring  in  practice,  and  re- 
quire the  sluice  to  be  placed  at  or  below  low  water  of  a 
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6h.  18m.  tide,  as  in  diagram  1,  Fig.  29b.  The  fall 
and  rise  of  the  tide  at  the  end  of  the  ebb  and  begin- 
ning of  the  flow  would,  for  several  minutes,  be  prac- 
tically nothing,  and  the  coefficient  would  then  be 
unity,  which  is  the  limit  for  a  very  small  value  of  h 
at  low  water  in  diagram  1.  At  semirange  for  a  small 
rise  h^  and  an  orifice  placed  there,  the  rise  would  be  as 
the  times  and  the  coefficient  would  be  '667;  both 
giving  *8S8  for  an  arithmetical  mean,  which  is  evi- 
dently too  high,  as  the  coefficient  unity  holds  only  for 
a  comparatively  small  height.  If,  however,  in  dia- 
gram 2,  Fig.  29b,  the  sluice  or  mouth  of  the  culvert 
be  high  up,  and  near  below  the  semirange  of  the  tidal 
wave,  which  is  the  more  common  case  in  practice,  then 
the  coefficient  would  reduce  to  f  =  *667  for  its  limit. 
All  this  supposes  the  surface  of  the  inside  water  or 
reservoir  at  t  in  both  diagrams  to  remain  constant, 
and  as  it  should  reduce  something  in  the  outflow  until 
the  tide  rises  for  some  height  up  hi  there  is  still  a 
greater  reason  for  selecting  f  rds.  or  the  minimum  co- 
efficient of  the  range,  and  to  represent  the  discharge 
from  a  tidal  sluice  fully  open  by 

(70g.)     d  =  f  Cd  a  n/  2^  h^  x  t  =  5-85  c^  a  \/T[  x  t, 
for  feet  measures  and  time  in  seconds ;  or 

(70h.)  d  =  821  c^a  \/\  X  t 

for  measures  in  feet  and  time  in  minutes. 

The  value  of  c^  is  best  taken  from  the  table  cal- 
culated from  equation  (74b),  Section  VIII.  If  the 
length  of  the  culvert  *  or  pipe  under  an  embankment  at 

*  The  orifice  0  is,  in  practice,  generally  a  pipe  or  culyert  of  some 
length  built  under  an  embankment. 
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the  mouth  of  which  the  sluice  is  placed  be  20  diameters 
or  80  mean  radii  c^  =  'TBI  then  (70g)  becomes 

(70i.)  D  =  2S4-6  a  sTh^  x  *. 

If  the  length  of  the  culvert  be  40  diameters  or  160 
mean  radii  tiien  c^  =  '668  and  the  discharge  would  be 

(70k.)  d  =  214  a  VX  X  t. 

And  for  a  coefficient  of  '628 

(70l.)  d  =  200  a  V^  x  t. 

The  time  of  rise  or  fall  of  the  tide  may  be  taken  at 
6h.  18m.  in  diagram  1,  and  the  time  of  rising  through 
Ai  be  represented  by  the  arc  l  Oi  fi,  diagram  8,  but  in 
diagram  2  the  time  corresponding  to  hi  is  the  arc  Oi  fi* 
For  a  uniform  rise  these  times  would  be  represented 
by  1 1,  and  i  o. 

Sluice-doors  when  self-acting  should  open  fully  so 
as  to  be  free  above  the  top  of  the  ope ;  and  not  to  fall 
below  it  until  the  rising  water  is  at  the  level  of  the 
surface  of  the  inside  reservoir ;  when  it  should  shut  if 
well  constructed.  They  hang  in  the  greater  number 
of  executed  works  at  an  angle  6,  with  the  vertical 
which  varies  with  the  force  of  the  outflow.  The  aper- 
tare,  a,  in  this  case  is  no  longer  the  cross  section  of 
the  culvert,  but  the  orifice  now  may  be  supposed  as 
made  up  of  a  plane  the  width  of  the  culvert,  at  right 
angles  to  the  door,  equal  to  a  sin.  6,  having  two  vertical 
triangular  open  cheeks  of  the  height  of  the  culvert  one 
on  each  side,  between  the  vertical  plane  on  the  sloping 
door  and  the  top.  These  triangular  cheeks  vary  in 
area  from  zero  to  their  maximum  value,  which  is  when 
the  door  hangs  at  an  angle  of  45°.  If  the  door  be  set 
back  in  the  culvert  these  cheeks  are  stopped  and  the 
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outlet  becomes  a  sin.  B.  Further  formulsB  for  such 
contractions  would  be  mere  waste,  practically  con- 
sidered ;  and  they  are  therefore  not  given.  A  good 
sluice  gate,  with  its  mountings,  from  the  axis  of 
suspension  downwards,  should  have  the  same  specific 
gravity  as  the  outside  water,  should  act  in  a  cistern  so 
as  to  be  entirely  immersed  at  all  times,  and  the  centre 
of  pressure  a  little  below  the  centre  of  gravity.  But 
this  is  no  place  for  questions  of  construction,  or  the 
application  of  hydrodynamical  principles  to  them.  If 
the  object  were  to  calculate,  at  first,  the  sectional  area 
of  a  culvert  required  for  a  given  discharge  it  should 
not  be  made  less,  in  practice,  than  double  those  easily 
derived  from  the  above  formulsB,  which  would  vary 
with  the  ratio  of  the  lengths  to  the  hydraulic  mean 
depth  of  the  culvert. 

In  these  sluices,  flood  or  tidal,  the  time  of  rising 
and  falling  through  /i  is  lost  in  each  flood,  or  in  each 
tide ;  but  as  sea  water  is  more  dense  than  fresh  water 
the  time  lost  is  a  little  more.  There  is  also  a  back 
leakage  through  the  sluice  when  shut.  When  the 
sluice  can  be  placed  at  or  below  low  water  springs 
there  is  an  advantage  if  not  overbalanced  by  the 
expense  ;  but  in  general  it  is  sufficient  to  place  it  at  or 
below  the  low  water  in  the  tail-race  which,  itself,  must 
have  a  surface  fall  to  the  low  water  of  neap  and  spring 
tides  along  the  shore,  if  it  be  of  any  length.  Other- 
wise, unless  artificially  constructed  and  covered  over, 
it  would  fill  in.  The  range  of  the  tide  varies  consider- 
ably even  in  the  same  place  from  the  lowest  neaps  to 
the  highest  springs.  The  mid-tide  is  nearly  constant 
and  the  velocity  of  ebb  and  flow  indicated  by  change  of 
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level  is  then  a  maximum  for  each  tide.  For  80  degrees 
on  each  side  comprising  the  time  of  falling  through 
the  central  half  of  the  whole  range  the  times,  diagram  3, 
are  nearly  as  the  changes  of  level.  In  the  remaining 
half  range,  comprising  one  quarter  above  and  the  other 
quarter  below,  the  relation  is  more  complex,  and  varies 
with  time,  wind,  and  weather.  In  Dundalk  I  have 
known  two  high  waters  within  a  few  hours  of  each 
other,  the  first  ebb  having  commenced  and  continued 
for  some  time  until  it  was  stopped  by  a  return  flow. 
Hence,  in  order  to  estimate  approximately  the  dis- 
charge from  a  tidal  sluice,  we  must  calculate  the 
discharge  for  each  tide  and  each  day,  suitable  to  dia- 
gram 1  or  diagram  2 ;  noting  that  as  the  range 
varies  from  springs  to  neaps  so  must  the  head,  /^i, 
when  the  surface  at  t  of  the  backwater  remains  con- 
stant. It  is  necessary  to  keep  this  surface  at  all  times 
from  twelve  to  eighteen  inches  at  least  below  the  ad- 
jacent lands,  and  more  if  the  element  of  expense 
permits*  This  level  regulates  the  depth  and  size  of 
the  sluice  or  sluices. 

Self-acting  sluices  can  be  hung  on  vertical  as  well 
as  horizontal  axes.  When  at  the  surface,  for  weirs 
across  rivers,  the  centre  of  pressure  for  crest  sluices  is 
at  two-thirds  of  the  depth  below  the  surface.  As  the 
water  falls  below  the  top  so  does  this  centre ;  but  it 
can  never  rise  higher  than  half  the  depth,  the  position 
when  most  deeply  immersed.  The  position  of  the 
horizontal  axis  of  such  sluices  lies  therefore  below  the 
middle,  and  is  regulated  by  the  circumstances  of  each 
case,  which  are  referred  to  farther  on. 
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SECTION    VIIL 

FLOW   OF  WATER  IN   UNIFORM   CHANNELS. — ^MEAN"   VELO- 
CITY.  MEAN  RADn  AND  HYDRAULIC  MEAN  DEPTHS. 

BORDER. TRAIN. — HYDRAULIC  INCLINATION. — 

EFFECTS  OF  FRICTION. — FORMUKE  FOR  CALCULAT- 
ING THE  MEAN  VELOCITY. — ^APPLICATION  OF  THE 
FORMULA  AND  TABLES  TO  THE  SOLUTIONS  OF 
THREE  USEFUL  PROBLEMS. 

In  rivers  the  velocity  is  a  maximum  along  the  central 
line  of  the  surface,  or,  more  correctly,  over  the  deepest 
part  of  the  channel;  and  it  decreases  thence  to  the 
sides  and  bottom :  but  when  backwater  arises  from  any 
obstruction,  either  a  submerged  weir.  Fig.  22,  or  a 
contracted  channel.  Fig.  28,  the  velocity  in  the  channel 
approaching  the  obstruction  is  a  maximum  at  the 
depth  of  the  backwater,  below  the  surface,  and  it  de- 
creases thence  to  the  surface,  sides,  and  bottom. 
When  water  flows  in  a  pipe  of  any  length,  the  velocity 
at  the  centre  is  greatest,  and  it  decreases  thence  to  the 
sides  or  circumference  of  the  pipe.  If  the  pipe  be 
supposed  divided  into  two  portions  in  the  direction  of 
its  length,  the  lower  portion  or  channel  will  be  analo- 
gous to  a  small  river  or  stream,  in  which  the  velocity 
is  greatest  at  the  central  line  of  the  surface,  and  the 
upper  portion  will  be  simply  the  lower  reversed.  A 
pipe  flowing  full  may,  therefore,  be  looked  upon  as  a 
double  stream,  and  it  will  soon  appear  that  the  formulfe 
for  the  discharge  from  each  kind  are  all  but  identical « 
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thougli  a  pipe  may  dischai^e  fiill  at  all  inclinatioas, 
while  the  inclinatioDs  in  rivers  or  streams,  having  uni- 
form motion,  never  exceed  a  few  feet  per  mile. 

MEAN  VELOCITY. 

It  is  found,  by  experiment,  that  the  mean  velocity  is 
nearly  independent  of  the  depth  or  width  of  the  cban- 
iiel,  the  central  or  maximum  velocity  being  the  same. 
From  a  number  of  experiments,  Du  Buat  derived 
empirical  formulfe  equivalent  to 

i-=  -''il^=v-vl+-i,Vb-(v4-l)»,andv=(vi+l)»; 

in  these  eqtiations  v  is  the  mean  velocity,  v  the  maxi- 
mum surface  velocity,  and  v^,  the  velocity  at  the  sides, 
or  bottona,  expressed  in  French  inches.  Tables  cal- 
cnlated  &om  these  formulae  do  not  give  correct  results 
for  measures  in  English  inches,  though  they  are  those 
generally  adopted.  Disregarding  the  difference  in  the 
measures,  which  are  as  1  to  1'0678,  it  will  be  found 
that,  in  the  generality  of  channels,  the  mean  velocity 
is  not  an  arithmetical  mean  between  the  velocity  at  the 
central  surface  line  and  that  at  the  bottom,  though 
nearly  so  between  the  mean  bottom  and  mean  surface 
velocities.      Dr.  You  for- 

mula, assumes  for  E  =  v, 

and  hence  u  =  v  +  i  suits 

very  nearly  the  same  ,  but 

something  less,  partic  ities. 

For  instance,  Du  Bui  r  the 

mean  velocity  when  is  1 

*  Philosophical  Trsumctioiu,  ISOS,  p.  487. 
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inch,  whereas  Dr.  Yonng's  makes  it  "SS  inch.  For 
large  velocities  both  formula  agree  very  closely,  dis- 
regarding the  difference  between  the  measures,  which 
is  only  seven  per  cent.  They  are  best  suited  to  very 
small  channels  or  pipes,  but  unless  at  mean  velocities 
of  about  8  feet  per  second,  they  are  wholly  inapplicable 
to  rivers, 

Prony  found,  from  Du  Buat's  experiments,  that  for 

.  /2-87187  +  v\     .       , .  .     . 

measures  m  metres  t?  =  I  ^  ^^^^^    —  Iv,  m  which  v  is 

\8-16312  +  v/ 
also  the  maximum  surface  velocity.     This,  reduced  for 
measures  in  English  feet,  becomes 

(71)  v  =  ( '^'^Q^   +  %  •* 

^^^•^  VlO-845  +  yF' 

and  for  measures  in  English  inches, 

/m    N  /  98-89    +  v\ 

{71a.)  V  =  l:n^-m r* 

^        ^  \12414  +  v/ 

For  medium  velocities  v  =  '81  v.  The  experiments 
from  which  these  formula  were  derived  were  made  with 
small  channels.  The  author  has  calculated  the  values 
of  V  from  that  of  v,  equation  (71a),  and  given  the  re- 
sults in  columns  8, 6,  and  9  in  Table  YII.  Ximenes^ 
Funk,  and  Briinning's  experiments  in  larger  channels 
give  the  mean  velocity  at  the  centre  of  the  depth  equal 
•914  V,  when  the  central  or  maximum  surface  velocity 

*  Francis,  Lowell  Experiments,  p.  150,  finds  this  formnla  to  give  15 
per  cent,  less  than  the  result  fonnd  by  weir  measurement  from  the 
formula  d  =  8*88  {I—  '1  n  h)  hi,  the  quantity  dischai;p(ed being  about 
250  cubic  feet  per  second,  and  the  Telocity  about  8*2  feet.  It  app«&rs, 
however,  that  Francis  uses  the  mean  surface  yelocity,  and  not  the 
maximum  surface  velocity  required  by  the  formula  :  if  the  latter  were 
used,  the  difference  would  be  reduced  to  6  per  cent.,  or  thereabouts,  in 
equation  (72). 
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is  y;  but  as  the  velocity  also  decreases  in  nearly  the 
same  ratio  at  the  surface  from  the  centre  to  the  sides 
of  the  channel,  we  shall  get  the  mean  velocity  in  the 
whole  section  equal  "914  X  '914  v  =  '885  v;  and 
hence,  for  large  channels, 
(72.)  V  =  -835  V, 

in  which  equation  v  is  the  rriaodmum  velocity  at  the 
mrfaee.  The  author  has  also  calculated  the  values  of 
r  from  this  formula,  and  given  the  results  in  columns 
2,  6,  and  8  of  Table  VII.  This  table  wiU  be  found 
to  vary  considerably  from  those  calculated  from  Du 
Boat's  formula  in  French  inches,  hitherto  generally 
used  in  this  country,  and  much  more  applicable  for  all 
practical  purposes. 


MEAN   RADIUS. — ^HYDRAULIC   MEAN    DEPTH. — ^BOBDEB. — 

COEFFICIENT   OF  FRICTION. 

If,  in  the  diagrams  1  and 
2,  Fig.  SO,  exhibiting  the 
sections  of  cylindrical  and 
rectangular  tubes  filled  with 
flowing  water,  the  areas  be 
divided  respectively  by  the 
perimeters  a  c  b  d  a  and  a  b  d  c  a,  the  quotients  are 
termed  "  the  mean  radii"  of  the  tubes,  diagrams  1  and 
2;  and  the  wetted  perimeters  in  contact  with  the  flowing 
water  are  termed  "  the  borders.**  In  the  diagrams  8 
and  4,  the  surface  a  b  is  not  in  contact  with  the  chan- 
nel, and  the  width  of  the  bed  and  sides,  taken  together, 
A  c  D  B,  becomes  "  the  border,"  "  The  mean  radius  " 
is  equal  to  the  area  a  b  d  c  a  divided  by  the  length  of 
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the  border  a  c  d  b.  ''  The  hydraulic  mean  depth  "  is 
the  same  as  ''  the  mean  radiuSy^'  this  latter  term  being 
perhaps  most  applicable  to  pipes  flowing  full,  as  in 
diagrams  1  and  2 ;  and  the  former  to  streams  and 
rivers  which  have  a  surface  line  a  b,  diagrams  8  and  4. 
Throughout  the  following  e(][uations,  the  value  of  the 
"  mean  radius,"  **  hydraulic  mean  depth,"  or  quotient, 

^ — ^*  is  designated  by  the  letter  r,  remarking 

here  that  for  cylindrical  pipes  flotving  full,  or  rivers 
zoith  semicircular  beds,  it  is  always  equal  to  half  the 
radius,  or  one-fourth  of  the  diameter. 

Du  Bu&t  was  the  first  to  observe  that  ilie  head  due 
to  the  resistance  of  friction  for  water  flowing  in  a 
uniform  channel  increased  directly  as  the  length  of  the 
channel  I,  directly  as  the  border,  and  inversely!  as  the 

*  M.  Girard  has  conceived  it  necessary  to  introduce  the  coefficient 
of  correction  1*7  as  a  mnltiplier  to  the  border  for  finding  r,  to  allow 
for  the  increased  resistance  from  aquatic  plants ;  so  that,  according  to 
his  redaction, 

area 
**==  17  bolder* 

See  Rennie's  First  Report  on  Hydranlics  as  a  branch  of  Engineering  ; 
Third  Report  of  the  British  Association,  p.  167  ;  also,  equation  (85), 
p.  216.  The  Author  has  known  cases  in  very  irregular  fhatinAlff  in 
which  for  this  sort  of  correction 

area 

*"  ~  4  border' 
In  other  words,  where  the  velocity  found  from  the  common  foimula, 
from  the  fall  per  mile,  required  to  be  reduced  one-half  to  find  the 
actual  mean  velocity. 

t  Pitot  had  previously,  in  1726,  remarked  that  the  diminution 
arising  from  friction  in  pipes  is,  caUris  parUnu,  inversely  as  the 
diameters. 
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area  of  the  cross-flowing  seciioiiy  very  nearly ;  that  is, 
as  -.  It  also  increases  as  the  square  of  the  Telocity, 
nearly ;  therefore  the  head  due  to  the  resistance  must 

be  proportionate  to  pr .      If  C|  X  ~ =  A*,  then  Cf 

2gr  2gr 

b  the  coefficient  for  the  head  due  to  the  resistance  of 

friction,  as  &  is  the  head  necessary  to  overcome  the 

friction  at  the  given  velocity ;  Ct  is  therefore  termed 

"  the  coefficient  of  friction*'*    It  is  found  to  increase  as 

the  velocity  decreases. 


HYDRAULIC  INCLINATION. — TRAIN. 

If  I  be  the  length  of  a  pipe  or  channel,  and  hf  the 
height  due  to  the  resistance  of  friction  of  water  flowing 

in  it,  then  y  is  the  hydraulic  inclination.     In  Fig.  81 
the  tubes  a  b,  c  d,  of  the  same  length  I,  and  whose 


discharging  extremities  b  and  d  are  on  the  same  hori- 
zontal plane  b  d,  will  have  the  same  hydraulic  inclina- 
tion and  the  same  discharge,  no  matter  what  the  actual 
inclinations  or  the  depth  of  the  entrances  at  a  and  c 
may  be,  if  they  are  of  the  same  kind  and  bore ;  and  as 
the  velocities  in  a  b  and  c  d  are  the  same,  the  height 
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h  due  to  them  must  be  the  same  when  the  ckcumstances 
of  the  orifices  of  entry  a  and  c  are  alike.  The  whole 
head  ian  =  h  +  hf  (see  pp.  161  and  162^  &c.)  The 
hydraulic  inclination  is  not  therefore  the  whole  head  h, 
divided  by  the  length  I  of  the  pipe,  as  it  is  sometimes 
mistaken  for,  but  the  height  hf  (found  by  subtracting  the 
height  h,  due  to  the  entrance  at  a  or  c,  and  the  velo- 
city in  the  pipe,  from  the  whole  height)  divided  by  the 
length  L  When  the  height  h  is  very  small  compared 
with  the  head  hi  due  to  Mction,  or  to  the  whole  height 
H,  as  it  is  in  very  long  tubes  with  moderate  heads ; 

H  Ju 

-  may  be  substituted  for  y  without  error;  but  for  short 

V  V 

pipes  up  to  1000  diameters  in  length  the  latter  only 
should  be  used  in  applying  Du  Buat's  and  some  other 
formulae,  which  only  allow  for  the  head  due  to  friction ; 
otherwise  the  results  will  be  too  large,  and  only  fit  to 
be  used  approximately  in  order  to  determine  the  height 
h  from  the  velocity  of  discharge  thus  found.  When 
the  horizontal  pipe  c  d,  Fig.  82,  is  equal  in  every  way 


to  the  inclined  pipe  a  b,  and  the  head  at  a  is  that  due 
to  the  velocity  in  c  d,  the  discharge  from  the  pipe  a  b 
will  be  equal  to  that  from  c  d  ;  but  a  peculiar  property 
belongs  to  the  pipe  a  b  in  the  position  in  which  it  is 
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here  placed ;  for  if  it  he  cut  short  at  any  point  e,  or 

lengthened  to  any  extent,  to  e,  the  discharge  wUl  remain 

the  same  and  equal  to  that  through  the  horizontal  pip^ 

c  D.    The  velocity  in  a  b  at  the  angle  of  inclination 

ABC,  when  a  c  =  fef ,  and  a  b  =  c  d,  is  therefore  such 

that  it  remains  unaffected  by  the  length  a  e  or  a  e,  to 

which  it  may  be  extended  or  cut  short ;  and  at  this  in-^ 

clination  the  water  in  the  pipe  a  b  w  said  to  he  ^*  in 

train"    In  like  manner  a  river  or  stream  is  said  to  be 

"t»  train"  when  the  inclination  of  its  surface  bears 

such  a  relation  to  the  cross  section  that  the  mean 

velocity  is  neither  accelerated  nor  retarded  by  the  length 

of  the  channel ;  and  it  can  be  perceived  from  this  that 

the  acceleration  that  would  he  caused  hy  the  inclination 

is  exactly  counterhalanced  by  the  resistances  to  the  rwotimi 

tchen  the  moving  water  in  a  pipe  or  river  channel  is  in 

train. 

Some  writers  and  engineers  appear  to  confound  the 

inchnation  of  a  pipe,  simply  so  called,  or  the  head 

divided  by  the  length,  with  the  hydraulic  inclination  ; 

and  consequently  have  fallen  into  error  in  applying 

such  of  the  known  formulae  as  take  into  consideration 

only  the  head  due  to  the  resistance  of  friction.    When 

pipes  are  of  considerable  length,  and  the  water  is 

supplied  from  a  reservoir  at  one  end,  the  inclination, 

found  as  above,  and  the  hydraulic  inclination,  may  be 

taken  equal  to  each  other  without  sensible  error ;  but 

for  shorter  pipes,  of  say  up  to  800  or  1000  diameters 

long,  the  greater  number  of  formula,  as  Du  Buat's 

and  others,  do  not  directly  apply ;  and  it  is  necessary 

to  take  into  consideration  the  head  due  to  the  orifice 

of  entry,  the  velocity  in  the  tube,  and  also  to  the 

0  2 
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impulse  of  supply  when  there  are  junctions.  These 
separate  elements,  and  their  effects,  will  be  now  con- 
sidered ;  but  it  will  be  of  use  to  refer  a  little  farther 
on  to  some  experiments,  and  the  imperfect  appHcation 
of  formule  to  them,  first  premising  that  a  pipe  may  be 
horizontal,  or  even  turn  upwards,  and  yet  ha/ve  .a  con- 
siderable hydraulic  inclination. 

As  A  =  (1  +  c^  o —  where  c,  is  the  coefficient  of 
the  height  due  to  the  resistance  at  the  orifice  of  entry 

A  or  c,  and  h*  =  c*  k ,  therefore 

'  2  ^  r 

(73.)    H  =  (1  +  c,)^  +  c,  X -^={l  4  Cr+C|-)2y 

and  hence  the  mean  velocity  of  discharge  is  found 
to  be 

(74.)    v^\ J 


1  +  C,  +  Cf  ^ 

rj 


(1+C,)-+Z 


or, 

asc|  =  ^    ,  J,  equation  (66).    Also  this  last  equation 
by  another  change  of  form  becomes 


(74b.)      t?  =  V  2  flf 


H  X  -^  1^         ill 
^Ca  r ) 


d 

*  See  equations  (152)  and  (152a)  for  a  still  more  general  expression 
for  the  velocity ;  and  page  229,  for  the  value  of  ci  suited  to  various 
velocities. 
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the  values  of  the  second  member  on  the  right-hand 
side  of  this  equation,  or  of 


{'A'^ 


are  given,  for  different  values  of  Cf,  c^,  and  -,  in  the 

small  table  at  p.  146,  and  below  at  p.  199. 

When  h  is  small  compared  with  hf,  or,  which  comes 

to  the  same  thing,  1  +  c,  small  compared  with  Cf  x  - , 

(75.)  H  =  c,x  — , 

and 


(76.) 


-m 


H 


In  the  last  equation,  if  «  be  substituted  for  7 ,  equal 
the  sine  of  the  angle  of  inclination  a  b  c>  then 

The  average  value  of  Ct  for  all  pipes  with  straight 
channels,  with  velocities  of  about  1*5  foot  per  second, 
may  be  taken  at  '0069914,  from  which  equation  (77) 
becomes,  for  measures  in  feet, 

(78.)  «?  =  96  V77. 

As  the  mean  value  of  the  coefficient  of  resistance  c, 
for  the  entrance  into  a  tube  is  '508,  and  as  2  ^ 
=  64-408,  and  c,  =  -0069914,  equation  (74),  for 
measures  in  feet,  becomes 
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64-403  H 

508  +  -0069914  ^ 

r 


(79.) 


V  =  100 


0234r  + -0001085 
Hr 


\ 


284r+ 1-085  i/ 
^--^^|58d+l-085iJ   • 


Hr 

or 


This,  multiplied  by  the  section,  gives  the  discharge. 

For  velocities  between  2  and  2^  feet  per  second,  Cf 
=  -0064403,  and  therefore 

_   ( Hr  1 1  _       r     Hd     "i  1 

^  "  t'0234r  +  -000iz|    ~^"|58d  +  Zj' 
in  which  d  =  4  r  =  diameter  of  a  pipe. 

The  following  table  is  calculated  from  equation 
(74b)  Jor  a  velocity  of  about  20  feet  per  second,* 
when  Cf  =  '004556,  and  for  different  orifices  of  entry, 
in  which  c^  varies  from  '986  for  a  rounded  orifice,  to  '715 
when  the  pipe  projects  into  the  vessel.  It  gives  directly 

the  coefficient,  which,  multiplied  by  V  2  ^  h,  gives 
the  velocity  in  the  pipe,  taking  friction  into  account. 

The  small  table  Section  VI.,  p.  146,  gives  the  like 
coefficients  of  V  2  ^f  h  in  equation  (74b),  when  c,  = 
^00699  suited  to  a  velocity  of  about  18  inches  per 
second,  and  can  be  applied  in  like  manner.  The  value 
of  V  2  ^  H  is  given,  in  inches,  in  column  2,  Table  U. 

For  feet  it  is  equal  8  VHh  nearly. 
Mr.  Provis's  valuable  experimentst  with   IJ^-inch 

♦  See  p.  146. 

t  Transactions  of  the  Institution  of  Giyil  Engineers,  vol.  ii.  pp.  201 
—210. 
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Values  of 


FOR  VELOCITIES  OP  ABOUT  20  FEET  PER  SECOND.* 


Number  of 
'     diameten  in 

the  Leoffth 
1     fA  the  pipe. 

Corremmndinff 

ooeffidenta  of 

disoharga. 

Number  of 

diamotersin 

the  lens  th 

of  the  pipe. 

Oorrespandlng 

coefficienta  ot 

diachaige. 

2  diameters 

•986 

•814 

•715 

900  diameters 

•239 

•236 

•288 

5 

t» 

•967 

•791 

•698 

960 

t* 

•234 

•230 

•227 

10 

ti 

•919 

•769 

•683 

1000 

tt 

•228 

•226 

•222 

15 

tt 

•886 

•749 

•669 

1050 

tt 

•283 

•220 

•317 

20 

ft 

•856 

•781 

•666 

1100 

tt 

•218 

•215 

•213 

25 

tt 

'828 

•713 

•643 

1200 

tt 

•209 

•207 

•206 

30 

t9 

•804 

•698 

•632 

1400 

>t 

•194 

•192 

•191 

35 

tt 

•781 

•683 

•620 

1600 

}) 

•182 

•180 

•179 

40 

it 

•760 

•668 

•610 

1800 

>* 

•172 

•171 

•170 

45 

ft 

•741 

•655 

•600 

2000 

tf 

•163 

•162 

•161 

50 

If 

•728 

•643 

•590 

2200 

tt 

•156 

•166 

•164 

55 

ft 

•706 

•682 

•680 

2400 

tf 

•149 

•149 

•148 

100 

t9 

•595 

•548 

•614 

2600 

11 

•144 

•143 

•142 

150 

|» 

•518 

•485 

•462 

2800 

tt 

•139 

•138 

•187 

200 

tf 

•464 

•440 

•422 

3000 

If 

•134 

•133 

•138 

250 

tt 

•424 

•405 

•391 

3200 

If 

•130 

•129 

•129 

300 

f  > 

•392 

•878 

•366 

3400 

yy 

•126 

•125 

•126 

350 

it 

•367 

•856 

•846 

3600 

tt 

•122 

•121 

•121 

400 

)? 

•346 

•336 

•329 

3800 

tf 

•119 

•119 

•118 

450 

tf 

•329 

•319 

•314 

4000 

ft 

•116 

•116 

•116 

500 

t* 

•314 

•307 

•300 

4210 

tf 

•113 

•113 

•113 

550 

tt 

•801 

•295 

•289 

4400 

ft 

•111 

•111 

•111 

600 

tf 

•289 

•283 

•278 

4600 

tt 

•108 

•108 

•108 

650 

tt 

•279 

•273 

•269 

4800 

It 

•106 

•106 

•106 

700 

ft 

•269 

•265 

•261 

6000 

ft 

•104 

•104 

•104 

750 

tf 

•261 

•257 

•253 

6200 

ft 

•102 

•102 

•102 

800 

»t 

•253 

•249 

•246 

5400 

tt 

•100 

•100 

•100 

850 

tt 

•246 

•242 

•239 

5600 

If 

•098 

•098 

•098 

pipes,  from  20  to  100  feet  long,  have  been  nsed  in  a 
published  worki*  for  the  purpose  of  testing  the  accuracy 
of  Du  Bu&t's  and  some  other  formulae  ;  but  the  head 


*  See  p.  146. 

t  Beseaiches  in  Hydraulics.     Weale's  Quarterly  Papers  on  En- 
gineering. 
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divided  by  the  length  is  assumed  to  be  the  hydraulic 
inclination  throughout^  and  no  allowance  is  made  for 
the  head  due  to  the  orifice  of  entry  and  velocity  in 
the  pipe.  Of  course  the  writer's  conclusions  are 
erroneous.  It  is  shown,  Section  I.,  page  16,  how  very 
nearly  the  formulae  and  experiments  agree. 

The  formulae  appear  to  have  been  also  misunderstood 
by  the  surveyor  who  experimented  for  the  General 
Board  of  Health ;  for  the  inclination  of  the  pipe  in 
itself  is  assumed  to  be  the  hydraulic  inclination,  and 
no  allowance  is  made  for  the  head  due  to  the  impulse 
of  supply.  In  the  Civil  Engineer  and  Architect's 
Journal,  Vol.  XV.,  page  866,  it  is  stated  that  "  the 
chief  results  a&  respect  the  house  drains  are  thus 
described  in  the  examination  of  the  surveyor  appointed 
to  make  the  trials."* 

*'  Wliat  qnantitj  of  water  would  be  diacharged  through  a  S-inch 
pipe  on  an  inclination  of  1  in  120  I—Full  at  the  head  it  wonld  dis- 
charge 100  gaUons  in  three  minntes,  the  pipe  being  50  feet  in  length. 
This  is  with  stone-waie  pipe  nuuinfactared  at  Lambeth.  This  applies 
to  a  pipe  receiving  water  only  at  the  inlet^  the  water  not  being  higher 
than  the  head  of  the  pipe. 

''What  water  was  this ? — Sewage-water  of  the  fnU  consistency,  and 
it  was  discharged  so  completely  that  the  pipe  was  perfectly  clean. 

"  At  the  same  inclination  what  wonld  a  4-inch  pipe  discharge  with 
the  same  distances  f— Twice  the  amount  (that  I  found  from  experi- 
ment) ;  or,  in  other  words,  100  gallons  would  be  dischaiged  in  half  the 
time.  This  likewise  applies  to  a  pipe  reoeiying  water  only  at  the  inlet, 
omd  of  not  greater  height  than  the  head.  In  these  cases  the  section  of 
the  stream  is  diminished  at  the  outlet  to  about  half  the  area  of  the  pipe. 

'*  Before  these  experiments  were  made,  were  there  not  yarious  hypo- 
thetical formulffif  proposed  for  general  use  ?~  Yes. 

*  Minutes  of  Information  with  reference  to  Works  for  the  removal 
of  Soil,  Water,  or  Drainage,  &c.,  &c.  Presented  to  both  Houses  of 
Parliament,  1862. 

t  It  is  a  mistake  to  call  those  formubB  hypothetical,  unless  ao  &r  as 
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"  What  would  these  fonrndn  have  given  with  a  8-inch  pipe,  and  at 
an  inclination  of  1  in  100  ?  and  what  was  the  result  of  your  experi- 
ments with  the  8-inch  pipe  f~ The  formnle  wonld  give  7  cnbic  feet, 
the  actoal  experiment  gave  11)  cnbic  feet ;  converting  it  into  time,  the 
discharge,  according  to  the  fonnnlse,  compared  with  the  discharge 
fonnd  by  actual  practice,  would  be  as  2  to  S. 

"  How  would  it  be  with  a  4-inch  pipe  ?— The  formule  would  give 
about  14 '7  cubic  feet  per  minute,  whereas  practice  gave  23  cubic  feet 
per  minute. 

''Take  the  case  of  a  6-inch  pipe  of  the  same  inclination? — The 
results,  according  to  Mr.  Hawksley's  formula,  would  be  40|  cubic  feet 
per  minute ;  from  experiment  it  was  found  to  be  63^  cubic  feet  per 
minute. 

"Then  with  respect  to  mains  and  drainage  over  a  flat  surface,  the 
result  of  course  becomes  of  much  more  value,  as  the  difference  proved 
by  actual  practice  increases  with  the  diminution  of  the  inclination  t — 
Certainly,  to  a  very  great  extent.  For  example,  the  tables  give  only 
14*2  cubic  feet  per  minute  as  the  discharge  firom  a  pipe  6  inches  dia- 
meter, with  a  fall  of  1  in  800 ;  practice  shows  that,  under  the  same 
conditions,  47 '2  cubic  feet  will  be  discharged. 

"  Will  you  give  an  example  of  the  practical  value  of  this  when  it 
is  required  to  carry  out  drainage  works  over  a  very  flat  sutDem^  ? — An 
inclination  of  1  in  800  gives  only  14  cubic  feet  per  minute,  according 
to  theory,  while,  according  to  actual  experiment,  and  with  the  same 
inclination,  47  cubic  feet  are  given. 

"Then  this  difference  may  be  converted  either  into  a  saving  of 
water  to  effect  the  same  object,  or  into  power  of  water  to  remove  fecu- 
lent matter  from  beneath  the  site  of  any  houses  or  town  ? — It  may 
be  so. 

'( And  also  the  power  of  small  inclinations  properly  managed  t — 
Yes ;  for  example,  if  it  was  required  to  construct  a  water  course  that 

the  hypothesis  is  founded  on  observed  facts.  Every  formula  in  prac- 
tical use  is  founded  on  experiments,  and  has  been  deduced  from  them, 
but  those  formula  are  too  often  hypothetically  applied  to  short  tubes 
without  the  necessary  corrections.  It  will  be  seen  in  this  Section 
that  the  experiments  from  which  the  formuln  given  were  derived,  were 
in  every  way  greatly  more  extensive  than  those  made  by  the  directions 
of  the  Board  of  Health.  The  formula  named  as  Mr.  Hawksley's  is, 
aabstaatiBlly,  £ytelwein*8  algebraically  transformed. 
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should  dischaige,  say  200  feet  per  minnte,  the  formula  would  require 
an  inclination  of  1  in  60^2  inches  in  10  feet;  whereas,  experiment 
has  shown  that  the  same  would  he  dischai^ged  at  an  inclination  of  1  in 
200  a  \  inch  in  10  feet,  thus  effecting  a  considerable  saving  in  ezcaya- 
tion,  or  a  smaller  drain  would  suffice  at  the  greater  inclination." 

The  results  given  above  are  calculated  in  the  follow- 
ing Table,  and  also  eight  of  the  experiments  made  for 
the  MetropoUtan  Commissioners  of  Sewers* ;  assuming 
for  the  present,  with  the  surveyor,  examined  by  the 
Conmiissioners,  that  the  inclinations  of  the  pipes  and 
hydraulic  inclinations  of  the  formula  are  the  same, 
which  is  incorrect^  the  calculated  discharges,  found  by 
means  of  Tables  Yin.  and  IX.,  are  given  in  the  last 
column  of  the  Table. 


Diameter  of 

Inclination 

Diechargein 
cubic  feet  per 

Hvpothetieal 
ducharge  by 

pipe  in  inohes. 

of  pipe. 

minute  by 

Du  BuAt'a 

experiment. 

formula. 

3 

1  in  120 

6-8 

6-6 

4 

1  in  120 

107 

14 

3 

1  in  100 

11-2 

7-6 

4 

1  in  100 

23 

15-6 

6 

1  in  100 

63-5 

48-8 

6 

1  in  800 

47-2 

13-8 

6 

lin60 

75 

59*3 

6 

1  in  100 

63 

48-8 

6 

1  in  160 

54 

83-4 

6 

1  in  200 

52 

29*2 

6 

1  in  820 

49 

21-8 

6 

1  in  400 

48-5 

19-6 

6 

1  in  800 

47-2 

18-8 

6 

Level. 

46 

00 

Du  Buat's  formula,  therefore,  gives  larger  results 
than  the  experiments  in  the  two  first  cases,  because 
the  water  received  at  one  end  only  barely  filled  it,  and 

*  Adcock's  Engineer's  Pocket  Book,  1852,  pp.  261  a&d  262. 
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the  pipe  was  not  fall  at  the  lower  end ;  hut  less  in  the 
others.  If  in  these  the  head  due  to  the  impulse  of 
entry,  at  the  upper  end,  and  at  the  side  junctions, 
were  known,  and  the  proper  hydraulic  inclination 
determined  by  the  experiments,  the  formulae  would  be 
found  to  give  larger  approximate  results  in  every  case, 
as  might  have  been  expected  from  the  sewage-water 
used.  In  the  last  eight  experiments  it  is  stated,*  that 
*'  the  water  was  admitted  at  the  head  of  the  pipe,  and 
at  five  junctions  or  tributary  pipes  on  each  side,  so 
regulated  as  to  keep  the  main  pipe  full,"  and  that 
''  without  the  addition  of  junctions  the  transyerse 
sectional  area  of  the  stream  of  water  near  the  dis- 
charging end  was  reduced  to  one-fifth  of  the  corre- 
sponding area  of  the  pipe,  and  that  it  required  a  simple 
head  of  water  of  about  22  inches  to  give  the  same  result 
as  that  accruing  under  the  circumstances  of  the  junc- 
tions." It  is  also  stated,  that  *'  in  the  case  of  the  6- 
inch  pipe,  which  discharged  75  cubic  feet  per  minute, 
the  lateral  streams  had  a  velocity  of  a  few  feet  per 
minute." 

Now,  the  head  of  "  about  22  inches "  is  wholly 
neglected  in  the  foregoing  calculations,  though  in  a  pipe 
100  feet  long  it  would  be  equal  to  an  inclination  of  1  in 
55  !  It  however  includes  three  elements  at  least,  viz., 
the  portion  due  to  the  orifice  of  entry,  the  portion  due 
to  the  velocity  in  the  pipe,  and  the  portion  due  to 
friction.  Assume  the  case  of  the  horizontal  pipe, 
which  discharged  46  cubic  feet  per  minuted     This  is 

*  Adoook's  Engineei's  Pocket  Book,  1852,  pp.  261  and  262. 
t  The  hoiizontal  pipe  would  dlBchaige  equally  at  both  ends,  unless 
there  was  a  head  of  water  at  either,  or  an  equivalent  in  the  velocity  uf 
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equal  to  a  mean  velocity  of  46'9  inches  per  second ; 
with  this  velocity,  we  find  from  Table  VIII.  the 
hydraulic  inclination  of  a  6-inch  pipe  to  be  1  in  94, 
and,  therefore,  the  head  due  to  friction  in  a  pipe  100 
feet  long  is  12*7  inches.  Assuming  the  coefficient  for 
the  orifice  of  entry  and  velocity  to  be  '815,  we  also 
find  from  Table  II.  a  head  of  4^  inches  due  to  these. 
We  then  have, 
Head  due  to  the  velocity  and  orifice  of 

entry 4*25  inches 

Head  due  to  the  resistance  of  friction     12*70      „ 
Radius  of  pipe 8*00      „ 

Total  .  .  19*96 
which  is  about  2  inches  less  than  the  observed  head : 
this,  however,  is  not  stated  definitely.  It  is  therefore 
evident^  that  the  formvla  gives,  if  anything,  larger 
results  than  these  experiments,*  as  might  have  been 
expected,  instead  of  less  in  the  ratio  of  2  to  8,  as  is  stated 
in  the  Report. 

Wherever  junctions  are  applied,  as  in  the  examples 
above  referred  to,  the  formul®  in  general  use  require 
correction;  for  the  quantity  of  water  then  flowing 
below  each  junction  is  increased.  A  certain  amount 
of  error  is,  perhaps,  inseparable  from  every  calculation 
of  this  kind ;  but  before  formulae  deduced  from  experi- 
ment by  men  every  way  qualified  for  the  task  are 
condemned,  it  would  be  well  that  their  critics  should 
learn  to  understand  and  properly  apply  them. 

approach.    Of  conne,  a  smaller  pipe  with  a  fall,  most  be  better  than 
the  larger  one  with  none  at  all,  in  preventing  deposits. 

*  This  is  also  tme  of  the  other  formnls,  for  finding  the  discharge 
from  pipes,  given  in  this  work. 
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The  diameter  of  a  short  pipe  gives  in  itself  the 
means  of  increasing  very  considerably  the  surface 
inclination  of  the  fluid  stream,  by  reducing  the  section 
at  the  lower  end.  Assume  a  horizontal  pipe  60  feet 
long  and  6  inches  in  diameter,  then  if  the  receiving 
end  be  full,  and  the  discharging  end  one-third  full,  this 

iQcUnation  will  be  "ka^tTo  =  T50'  *^^  ^^^^  ^^  ^^" 

charging  end  cannot  be  kept  fall  unless  a  head  of 
several  inches  be  maintained  at  the  receiving  end,  or 
an  equivalent  from  a  lateral  supply.  When  the  pipe 
is  about  two  diameters  long  it  becomes  a  short  tube  ; 
and  when  the  length  vanishes,  the  transverse  section 
becomes,  simply,  a  discharging  orifice. 

DU  buat's  formula. 

The  coefficient  of  friction  Cf  is  not,  however,  con- 
stant, as  it  varies  with  the  velocity.  That  given,  p.  198, 
viz.,  C{  =  '004556  answers  for  pipes  when  the  velocity 
is  20  feet  per  second.  For  pipes  and  rivers  it  is  found 
to  increase  as  the  velocity  decreases ;  that  is,  the  loss 
of  head  is  proportionately  greater  for  small  than  for 
large  velocities.  Du  Buat  found  the  loss  of  head  to 
be  also  greater  for  small  than  large  channels,  and 
applied  a  correction  accordingly  in  his  formula.  This, 
expressed  in  French  inches,  is 

(80.)     .=_297(ri-a) __  .3  (,*_•!), 


gy-hyp.  log.  (i  +  1-6^ 


maintaining  the  preceding  notation,  in  which  «  =  -y . 
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In  this  formula  *1,  in  the  numerator  of  the  first  term, 
is  deducted  as  a  correction  due  to  the  hydraulic  mean 

depth,  as  it  was  found  that  297  (r*— 0*1)  agreed  more 

exactly  with  experiment  than  297r*  simply.      The 

second  term  hyp.  log.(^  +  1'6  F,  of  the  denominator 

is  also  deducted  to  compensate  for  the  observed  loss 
of  head  being  greater  for  less  velocities,  and  the  last 

term  '8  (r*  —  '1)  is  a  deduction  for  a  general  loss  of 
velocity  sustained  from  the  unequal  motions  of  the 
particles  of  water  in  the  cross  section  as  they  move 
along  the  channel.  These  corrections  are  empirical ; 
they  were,  however,  determined  separately,  and  after 
being  tested  by  experiment,  applied,  as  above,  to  the 

radical  formula  v  =  297  s/  r  8. 

Du  Buat's  formula  was  published  in  his  Principes 
d*Hydraulique,  in  1786.  It  is,  as  we  have  seen,  partly 
empirical,  but  deduced  by  an  ingenious  train  of  reason- 
ing and  with  considerable  penetration  from  about  125 
experiments,  made  with  pipes  from  the  19th  part  of  an 
inch  to  18  inches  in  diameter,  laid  horizontally, 
inclined  at  various  inclinations,  and  vertical;  and 
also  from  experiments  on  open  channels  with  sectional 
areas  from  19  to  40,000  square  inches,  and  inclinations 
of  from  1  in  112  to  1  in  86,000.  The  lengths  of  the 
pipes  experimented  with  varied  from  1  to  8,  and  from 
8  to  8,600  feet. 

In  several  experiments  by  which  the  author  has 
tested  this  formula,  the  resulting  velocities  found  from 
it  were  from  1  to  5  per  cent,  too  large  for  small  pipes, 
and  too  small  for  straight  rivers  in  nearly  the  same 
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proportion.  As  the  experiments  from  which  it  was 
derived  were  made  with  great  care,  those  with  pipes 
particularly  so,  this  was  to  be  expected.  Experiments 
with  pipes  of  moderate  or  short  lengths  should  have 
the  circumstances  of  the  orifice  of  entry  from  the 
reservoir  duly  noted ;  for  the  close  agreement  of  this 
formula  with  them  must  depend  a  great  deal,  in  such 
pipes,  on  the  coefficient  due  to  the  height  A,  which 
must  be  deducted  from  the  whole  head  h  before  the 

hydraulic  inclination,  -^  =  s,  can  be  obtained ;  but  for 

very  long  pipes  and  uniform  channels  this  is  not 
necessary. 

The  experiments  from  which  Du  Buat's  formula 
was  constructed  are  given  in  full  by  the  late  Dr. 
Robinson  in  his  able  article  on  '' rivers"  in  the 
Encyclopaedia  Britannica,  pp.  268,  269,  and  270, 
where  the  calculated  and  observed  velocities  are  placed 
side  by  side  in  French  inches  per  second.  In  all 
these  experiments  Du  Bu&t  carefully  deducted  the 
head  due  to  the  velocity  and  orifice  of  entry  before 
finding  the  hydraulic  inclination  8,  and  those  who 
attempt  to  calculate  the  velocity  from  the  head  and 
length  of  the  channel  only,  without  making  this 
deduction,  will  find  their  calculated  results  very  dif- 
ferent from  those  there  given.  If  there  were  bends, 
curves,  or  contractions,  deductions  would  have  to  be 
mdde  for  these  in  like  manner  before  finding  a. 

Under  all  the  circumstances,  and  after  comparing 
the  results  obtained  from  various  other  formulae,  the 
author  originally  preferred  calculating  tables  for  the 
values  of  v  from  this  formula  reduced  for  measures  in 
English  inches,  which  is 
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0)»-h3T,.log.(J+l-6)' 

or  more  simply, 

(i)'-hjp.log.(l  +  l-6)» 

This  gives  the  value  of  v  a  little  larger  than  the 
original  formula,  hut  the  difference  is  immaterial. 
For  measures  in  English  feet  it  becomes 

88-51  (r*  -  -03)  j 

y-hyp.log.^j  +  1-6) 

The  results  of  equation  (81')  are  calculated  for 
different  values  of  8  and  r,  and  tabulated  in  Tablb 
VIII.,*  the  first  eight  pages  of  which  contain  the 
velocities  for  values  of  r  varying  from  -rw^  ^^^  ^ 
6  inches ;  or  if  pipes,  diameters  from  ^  inch  to  2  feet, 
and  of  various  inclinations  from  horizontal  to  vertical. 
The  last  five  pages  contain  the  velocities  for  values  of 
r  from  6  inches  to  12  feet,  and  with  falls  from  6  inches 
to  12  feet  per  mile. 

Example  VIII.  A  pipe,  IJ  inch  diameter  and 
100  feet  long,  has  a  constant  head  of  2  feet  over  the 
discha/rging  extremity ;  what  is  the  velocity  of  discharge 
per  second  ? 

*  When  this  Table  was  first  calculated,  the  author's  formula  (119a) 
was  not  known,  and  as  a  development  of  Du  Buat's  valuable  but 
complex  expression  the  table  is  retained.  Others  have  since  given 
Tables  calculated  from  (119a),  but  the  formula  itself  is  easily  remem- 
bered, and  results  for  any  particular  case  easily  calculated ;  especially 
so  by  using  the  last  column  of  the  table  attached  to  it 
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The  mean  radius  r  =  J  =  I  inches,  and  ^  =.  60  =1, 

is  the  approximate  hydraulic  inclination.  At  page  2 
of  Tabi^  VIII.,  in  the  column  under  the  mean  radius 

--,  and  opposite  to  the  inclination  1  in  50,  is  found 

80*69  inches  for  the  velocity  sought.  This,  however, 
is  but  approximative,  as  the  head  due  to  the  velocity 
should  be  subtracted  &om  the  whole  head  of  2  feet, 
before  finding  the  true  hydraulic  inclination.  This 
head  depends  on  the  coefficient  of  resistance  at  the 
entrance  orifice,  or  the  coefficient  of  discharge  for  a 
short  tube.  In  all  Du  Buat's  experiments  this  latter 
was  taken  at  '8125,  but  it  will  depend  on  the  nature 
of  the  junction,  as,  if  the  tube  runs  into  the  cistern, 
it  will  become  as  smaU  as  '715 ;  and,  if  the  junction 
be  rounded  into  the  form  of  the  contracted  vein,  it 
will  rise  to  '974,  or  1  nearly.  In  this  case,  the  co- 
efficient of  discharge  may  be  assumed  *815,*  from 
which,  in  Table  U.,  the  head  due  to  a  velocity  of 

SO'69  inches  is  1-  =  1'87  inch  nearly,  which  is  the 

value  of  h\    and  hence,  h  —  /t  =  ft,  =  24  —  1*87 

=  22'18  inches;  andv-  = — ^o-iq —  =  54*2  =    -  , 

the  hydraulic  inclination,  more  correctly.     With  this 

new  inclination  and  the  mean  radius  -,  the  velocity 

by  interpolating  between  the  inclinations  1  in  50 
and  1  in  60,  given  in  the  table,  is  80-69  - 1'84  =  29'85 
inches  per  second.  This  operation  may  be  repeated 
until  V  is  found  to  any  degree  of  accuracy  according 

•  See  Example  16,  pp.  14,  16. 
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to  the  formula ;  but  it  is,  practically,  unnecessary  to 
do  so.  The  discharge  per  minute  in  cubic  feet,  is  now 
easily  found  from  Table  IX.,  in  which,  for  an  inch 
and  a  half  pipe, 

Inehes.  Cnbicfeet. 

For  a  velocity  of  20*00  per  second,  1*22718  per  minute. 
>f  It  9*00     ,,       J,  '55223    ,,         „ 

•80    „       „  -01841     „ 

•04    „       „  -00245    „ 


29-34    „      „        1*80027    „ 

The  discharge  found  experimentally  by  Mr.  Proris, 
for  a  tube  of  the  same  length,  bore,  and  head,  was 
1*745  cubic  foot  per  minute. 

If  the  coefficient  of  discharge  due  to  the  orifice  of 
entry  and  stop-cock  in  Mr.  Provisos  208  experiments  * 
with  1^  inch  lead  pipes  of  20,  40,  60,  80,  and  100  feet 
lengths,  be  '715,  the  results  calculated  by  the  tables 
will  agree  with  the  experimental  results  with  very 
great  accuracy,  and  it  is  very  probable,  from  thie 
circumstances  described,  that  the  ordinary  coefficient 
•815  due  to  the  entry  was  reduced  by  the  circum- 
stances of  the  stop-cock  and  fixing  to  about  '715; 
but  even  with  '815  for  the  coefficient,  the  difference 
between  calculation  and  experiment  is  not  much,  the 
calculation  being  then  in  excess  in  every  experiment, 
the  average  being  about  5  per  cent.,  and  not  so  much 
in  the  example  we  have  given. 

Table  VIII.  gives  the  velocity,  and  thence  the 
discharge,  immediately,  for  long  pipes,  and  Table  X. 

*  Transactions  of  the  Institution  of  Civil  Engineers,  vol  ii.  pp. 
201,  210, 
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enables  us  to  calculate  the  cubic  feet  discharged  per 
minute,  with  great  facility.  For  rivers,  the  mean 
velocity,  and  thence  the  discharge,  is  also  found  with 
quickness.  See  also  Tables  XI.,  XII.,  and  XIII., 
and  the  Tables  at  pp.  28  and  29. 

Example  IX.  A  watercourse  is  7  feet  wide  at  the 
boUorriy  the  length  of  each  sloping  side  is  6*8  feet,  the 
width  at  the  surface  is  18/<?ef,  the  depth  4  feet,  and  the 
inclination  of  the  surface  4  inches  in  a  mile;  what  is 
the  quantity  flowing  down  per  minute  ? 

Here  ^^^  +  7)  x  j-  ^  »_  ^  2-4272  feet  =  29-126 

7  +  2x6-8  »•« 
inches  =  r,  is  the  hydraulic  mean  depth ;  and  as  the 
fall  is  4  inches  per  mile,  at  the  11th  page  of  Table 
VIII.,  the  velocity  v  =  12-08  -  '16  =  11-87  inches 
per  second  ;  the  discharge  in  cubic  feet  per  minute  is, 
therefore, 

50  X  ~  X  60  =  2967-5. 
If  94-17  Vy«  =  V,  then  v  =  94-17  4/2-427  + 
=  94-17  X     /^  =  ^=z  1-17  feet  =  14*04  inches. 

V   «W  807 

Watt,  in  a  canal  of  the  fall  and  dimensions  here  given, 
found  the  mean  velocity  about  IS]^  inches  per  second. 
This  corresponds  to  a  fall  of  5  inches  in  the  mile, 
according  to  the  formula.  Du  Baat's  formula  is  less 
by  12^  .per  cent,  or  ^th;  the  common  formula  too 
much  by  5  per  cent 

In  one  of  the  original  experiments  with  which  the 
formula  was  tested  on  the  canal  of  Jard,  the  measure- 
ments accorded  very  nearly  with  those  in  this  example, 

p  2 


158M 
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viz.  —  =  15860,  and  r  =  29*1  French  inches;    the 

observed  velocity  at  the  surface  was  15*74,  and  the 
calculated  mean  velocity,  from  the  formula,  11*61 
French  inches.*  Table  VII.  will  give  12*29  inches 
for  the  mean  velocity,  corresponding  to  a  superficial 
velocity  of  15*74  inches.  This  shows  that  the  formula 
also  gives  too  small  a  value  for  v  in  this  case,  by  about 

-1^7  th  of  the  result,  it  being  about  —  part  in  the  other. 

8*3 

The  probable  error  in  the  formula  applied  to  straight 
clear  rivers  of  about  2  feet  6  inches  hydraulic  mean 
depth  is  nearly  r^th  or  8  per  cent,  of  the  tabulated 
velocity,  and  this  must  be  added  for  the  more  correct 
result ;  the  watercourse  being  supposed  straight  and 
free  from  aquatic  plants. 

Notwithstanding  the  differences  above  remarked 
on,  the  results  of  this  formula,  as  calculated  and 
tabulated,  may  be  pretty  safely  relied  on  when  applied 
to  general  practical  purposes.  Many  of  the  others 
which  we  shall  proceed  to  lay  before  our  readers  are 
more  partial  in  their  application.  Rivers  or  water- 
courses are  seldom  straight  or  clear  from  weeds,  and 
even  if  the  sections,  during  any  improvements,  be 
made  uniform,  they  will  seldom  continue  so,  as  "  the 
regimen,^'  or  adaptation  of  the  velocity  to  the  tenacity 
of  the  banks,  must  vary  with  the  soil  and  bends  of  the 
channel,  and  can  seldom  continue  permanent  for  any 
length  of  time  unless  protected.  From  these  causes  a 
loss  of  velocity  takes  place,  difficult,  if  not  impossible, 

•  These  measures  reduced  to  inches,  give  r  =  31*014,  v  «  12*874  ; 
and  the  surface  velocity  16*775  inches;  reduced  for  mean  velocity 
18*101  inches. 
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to  estimate  accurately,  but  which  may  be  taken  at 
from  10  to  100  per  cent  of  that  in  the  clear  unob- 
structed direct  channel ;  but  be  this  as  it  may,  it  is 
safer  to  calculate  the  d/raina^e  or  mechanical  results 
obtainable  from  a  given  faU  and  river  channel,  from 
formula  which  give  lesser,  than  from  those  which  give 
larger  velocities.  This  is  a  principle  engineers  cannot 
too  much  observe. 

It  was  before  remarked,  that  for  both  pipes  and 
rirers  the  coefficient  of  resistance  increases  as  the 
velocity  decreases.     This  is  as  much  as  to  say,  in  the 

simple  formula  for  the  velocity,  v  =  m  V  r  s,  that  m 
must  increase  with  v,  and  as  some  function  of  it. 
This  is  the  case  in  Table  VIII.,  throughout  which  the 

velocities  increase  faster  than  ^/~r,  the  V  s,  or  the 

\/T7.  In  all  formulse  made  use  of  by  engineers,  but 
the  author's,  Weisbach's,  Du  Buat's  and  Young's, 
the  velocity  found  is  constant  when  \/  r  s  or  r  X  s  is 
constant.  In  Du  Buat's  formula  for  r  x  s  constant, 
V  obtains  maximum  values  between  r  =  I  inch  and 
r  =  1  inch ;  the  differences '  of  the  velocities  for 
different  values  of  r  above  1  inch,  r  X  s  being 
constant,  are  not  much.  The  maximum  value,  or 
nearly  so,  may  always  be  found  by  assuming  r  =  J  inch, 
and  finding  the  corresponding  inclination  from  the 

formula  ,  which  is  equal  to  it.     For  example,  if 

8 

r  =  12  inches,  and  s  =  j— ,  the  velocity  is  found 
equal  9*52  inches;  but  when  r  a  is  constant,  the 
inclination  s  corresponding  to  r  =  f  inch  is 

■^  °  *  3X10560 

=  12^  9  from  which,  is  found  from  the  table,  v  =  10*26 
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inches,  for  the  maximum  velocityy  making  a  difference 
of  fully  7  per  cent. 

When  r  =  '01  of  an  inch,  or  a  pipe  is  ^th  part  of 
an  inch  in  diameter,  Du  Buat's  formula  fails,  but 
it  gives  correct  results  for  pipes  Jth  of  an  inch  in 
diameter,  and  two  of  the  experiments  from  which  it 
was  derived  were  made  with  pipes  12  inches  long  and 
only  -Jg-th  part  of  an  inch  in  diameter. 

Table  VIII.  is  extended  so  as  to  make  it  directly 
available  for  hydraulic  mean  depths,  from  ^ih  of  an 
inch  to  12  feet,  and  for  various  hydraulic  inclinations, 
even  up  to  vertical,  for  pipes.  The  fall  in  rivers 
seldom  exceeds  2  or  3  feet  per  mile,  or  the  velocity  5 
or  6  feet  per  second.  The  extension  of  the  Table  for 
great  inclinations,  and  consequently  great  velocities, 
was  made  for  the  purposes  of  calculation,  and  to 
include  pipes.  It  must  be  understood  throughout 
this  Table  that  the  velocities  are  those  which  continue 
unchanged  for  any  length  of  channel,  viz.,  when  the 
resistance  of  friction  is  equal  to  the  acceleration  of 
gravity,  the  moving  water  and  channel  being  then 
in  train.  Several  of  Du  Buat's  experiments  were 
made  with  small  vertical  pipes.  This  Table  is 
equally  applicable  to  pipes  and  rivers,  and  gives 
directly  either  the  hydraulic  inclination,  the  hydraulic 
mean  depth,  or  the  velocity  when  any  two  of  them 
are  known. 

The  mean  velocity  is  given  in  preference  to  the 
discharge  itself  in  Table  VIII.,  because,  while  an 
infinite  number  of  channels  having  the  same  hydraulic 
inclination  {s)  and  the  same  hydraulic  mean  depth  (r) 
must  have  the  same  velocity  (t?),  yet  the  sectional 
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areas,  and  consequently  the  discharges,  may  vary 
upwards  from  6'2832r^,  the  area  of  a  semicircular 
channel,  to  any  extent ;  and  the  operation  of  multi- 
plying the  area  by  the  mean  velocity,  to  find  the 
discharge,  is  so  very  simple  that  any  tabulation  for 
that  purpose  is  unnecessary.  Besides  this,  the  banks 
of  rivers,  unless  artificially  protected,  remain  very 
seldom  at  a  constant  slope,  and  therefore  any  Tables 
of  discharge  for  particular  side  slopes  are  only  of  use 
so  far  as  they  apply  to  hypothetical  cases.  Indeed, 
in  new  river  cuts,  the  banks,  cut  first  to  a  given  slope, 
alter  very  considerably  in  a  few  months ;  while  the 
necessary  regimen  between  the  velocity  of  the  water 
and  the  channel  is  in  the  course  of  being  established. 
The  velocity  suited  to  the  permanency  of  any  proposed 
river  channel,  though  too  often  entirely  neglected,  is 
the  very  first  element  to  be  considered. 

Coulomb  having  shown  that  the  resistance  opposed 
to  a  disc  revolving  in  water  increases  as  the  function 
av  +  b  f^  o{  the  velocity  v,  we  may  assume  that  the 
height  due  to  the  resistance  of  friction  in  pipes  and 
rivers  is  also  of  this  form  ;  and  that 

(83.)  ht=  (av-^bv^)   1, 

and  consequently, 

(84.)     r8  =  av  +  bv^6iidv  =  |y+  |^ |  -^^. 

GiBARD  first  gave  values  to  the  coefficients  a  and  b. 
He  assumed  them  equal,  and  each  equal  to  -0003104 
for  measures  in  metres,  and  thence  the  velocity  in 
canals, 
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(85.)        V  =  (3221-016  rs  +  -25)*  -  '5 ;  * 

which  reduced  for  measures  in  English  feet  becomes 

.  (v  =  (10567-^r  8  -h  2-67)*  -  1-64,  or 

^     '^         \v=10S  \/r8  -  1-64,  nearly. 

The  value  of  a  =  b  =  '0003104  was  obtained  by 
means  of  twelve  experiments  by  Du  Buat  and  Chezy. 
Of  course  the  value  is  four  times  this  in  the  original, 
as  the  mean  radius  is  used  in  all  the  formulae  instead 
of  the  diameter.  This  formula  is  only  suited  for  very 
small  velocities  in  canals,  between  locks,  containing 
aquatic  plants;  it  is  inapplicable  to  rivers  and 
channels  in  which  the  velocity  exceeds  an  inch  per 
second. 

Prony  found  from  thirty  experiments  on  canals, 
that  a  =  -000044450  and  b  =  •000309314,t  for  mea- 
sures in  metres,  from  which 

(87.)        V  =  (3232-96  rs  +  -00516)*  -  -0719  ; 
this  reduced  for  measures  in  English  feet  is, 

V  =  (10607-0^r«  +  -0566)*  -  -236;  or 
103  V^r  8  -  -24  nearly : 
the  velocities  did  not  exceed  3  feet  per  second  in  the 
experiments  from  which  this  was  derived.     See  also 
note,  p.  192. 

For  pipes,  Prony  found,!  from  fifty-one  experiments 
made  by  Du  Buat,  Bossut,  and  Couplet,  with  pipes 
from  1  to  5  inches  in  diameter,  from  30  to  7,000  feet 
in  length,  and  one  pipe  19  inches  diameter  and  nearly 

*  See  Brewstei's  Encjclopeedia,  Article  Hydrodynamics,  p.  259. 

t  Recherches  Physico-Math^matiqaes  sur  la  Thforie  des  Eanx 
Courantes. 

t  Recherches  Physico-Math^matiqaes  sur  la  Th^rie  du  Moayement 
des  Eauz  Courantes,  1804. 
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TABLE  of  the  fifly-cne  EasperimejUa  referred  to  in  EqtuUion  (89),  the 
value  of  g  in  the  sixth  being  tc^cen  at  9 '8088  metres. 

It  will  be  perceived  that  Prony  did  not  take  into  calculation,  in  fWiming  his 
formula,  the  head  due  to  the  velocity  in  the  pipe  and  to  the  orifice  of  entry. 


Niuncs  of 
Exporimontcrs. 

meoftui-ed  to  the , 
lower  orifloe 
in  metres.      { 

Diameters  of     i 
pipes  in  metres.  { 

1 

Lengrth  of  the 
pipes  in  metres.  1 

1 

Values  of 
gr» 

in  metres. 

Experimental 

values  of 
the  velocity  v 
in  metres.        1 

Cnlculatod 
velocitj'  from 
formula  (69)  in 
metres. 

1 

Du  BuAt 

•oou 

•0271 

lfl-95 

000314 

0430 

-0427 

2 

Couplet 

•1511 

•1363 

22W)-87 

•000404 

-0544 

•0691 

3 

Couplet 
Du  Bu&t 

•8068 

•13^i3 

2280-37 

-000523 

•0854 

•09-21 

4 

•0135 

•0-2707 

19  ^95 

'000459 

•0980 

•0926 

5 

Couplet 

•4534 

•1333 

2280  37 

•000690 

•1117 

•1203 

6 

Couplet 

•5105 

-1383 

2280-37 

•000638 

•1301 

•1330 

7 

Couplet 

•6497 

•1383 

2280-37 

•000670 

•1411 

•1433 

8 

Couplet 
Du  Buftt 

•6767 

•1S33 

2280-37 

•000683 

•1441 

•1467 

9 

•0189 

•0271 

3-76 

•001426 

•2352 

•2895 

10 

Du  Bu&t 

•J  187 

•©•271 

8-75 

•001138 

•2826 

•3088 

11 

Du  Bu&t 

•1137 

•0271 

8  75 

•001309 

•2888 

•3088 

12 

BosHiit 

•1083 

•0271 

16-24 

•0O1337 

•8308 

•8359 

13 

Bossut 

•8248 

•0361 

5847 

•001446 

•8400 

•8563 

14 

Du  Biiftt 

•1605 

•0271 

19-95 

•001482 

•8604 

•3713 

15 

Bossut 

•8248 

•0861 

48-75 

•001549 

•8807 

-3915 

16 

Du  Bu&t 

•2106 

•0271 

19-95 

•001718 

•4091 

•4287 

17 

Bossnt 

•3248 

•0361 

88-98 

■001687 

-4366 

•4402 

18 

Du  Buftt 

•2425 

•0271 

19-95 

•001830 

-4408 

•4618 

19 

Bossut 

•3248 

•0544 

68-47 

-001672 

•4433 

•4416 

20 

Du  BuAt 

•2425 

•0271 

19-95 

•001793 

•4500 

•4618 

21 

Bossut 

•3248 

•0544 

48-73 

•001795 

'4955 

•4800 

22 

B(«sut 

•6497 

•0861 

58-47 

•001922 

•5115 

•5122 

23 

Bosiiut 

•8248 

•0361 

29-23 

•001918 

•5128 

•5122 

24 

Du  Bu&t 

■8385 

•0271 

19-95 

•002050 

•5411 

•5450 

25 

Bossut 

•3248 

■0544 

38-98 

•001981 

•5605 

-6458 

2^ 

DuBuAt 

•3709 

•0271 

19-95 

•002174 

-6676 

•5766 

27 

Bossut 

•6497 

•0361 

48  •73 

•002073 

•5693 

•6634 

28 

Du  BuAt 

•8952 

•0271 

19-95 

•002228 

•5916 

•6961 

29 

Bomut 

•3348 

■0271 

26-24 

•002201 

•6032 

'5990 

30 

Bossut 

•8248 

•0361 

19-49 

•002833 

-6323 

•6827 

SI 

Bossut 

•8248 

•0544 

29-23 

•002300 

•6444 

•6344 

.^2 

Bossut 

•6497 

•0861 

38-98 

•002267 

•6498 

•6323 

33 

Bossut 

•6497 

•0544 

58-47 

•002214 

•6695 

•6344 

34 

Bossut 

•6497 

•05M 

48-73 

•002392 

•7486 

•6972 

35 

Bosdut 

•6497 

•0861 

29-23 

-002588 

•74 

•7343 

34 

Tiu  BuAt 

•6416 

•Ol'71 

19-95 

•002750 

•7761 

7660 

37 

Bossut 

♦3248 

•0544 

19-49 

•002812 

•7908 

7823 

38 

Du  BuAt 

•1624 

•0271 

8-75 

•003^20 

•7943 

•8930 

39 

Bossut 

•«497 

•0544 

38-98 

•002666 

•8363 

•7810 

40 

Bossut 

•8248 

•0861 

9-74 

•003287 

•8976 

•9048 

41 

Bossut 

♦66 

•0361 

19-49 

•003161 

•9332 

•9048 

42 

Bossut 

•65 

•0544 

29-23 

•003062 

•9681 

•9071 

43 

Couplet 

8-9274 

^4878 

1169  42 

•003785 

1-0600 

1-0592 

44 

Bossut 

•3-248 

•0544 

9-74 

•004073 

1-0915 

11164 

4ft 

Bossut 

•6497 

•0544 

19-49 

•003821 

1-1640 

11164 

40 

Bossut 

•6497 

•0361 

9-74 

•004491 

18138 

1-2896 

47 

DuBiiAt 

•4878 

■0271 

817 

•006470 

1^5784 

17043 

48 

DuBuAt 

•6671 

-0271 

8-75 

•006307 

16919 

1-6898 

49 

Bossut 

•6497 

•0544 

974 

•005578 

16945 

1-5890 

50 

DuBuAt 

•7219 

•<'271 

817 

•007838 

1-9301 

2-0798 

51 

Du  BuAt 

-9745 

•0271 

817 

•008882 

2-2994 

2-4205 
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4,000  feet  long,  that  a  =  -00001738,  and  b  =  -0003483, 
from  which  values 

(89.)    V  =  (2871-09  rs  +  -0006192)*  -  -0249, 
for  measures  in  metres,  and  for  measures  in  English 
feet, 

(90  )      i^  ~  (9419-7^ 8  +  -00665)*  -  "0816 ;  or 
'^     \v  =  97  y/  rs  "  '08  nearly. 
Prony  also  gives  the  following  formula  applicable  to 
pipes  and  rivers.     It  is  derived  from  fifty-one  selected 
experiments   with  pipes,    and  thirty-one   with   open 
channels  : 

(91.)     V  =  (3041-47  rs  +  0022065)*  -  -0469734,* 
for  measures  in  metres,  which,  reduced  for  measures 
in  English  feet,  is 

V  =  (9978-76  rs  +  -02375)*  -  -15412  ;  or 
100  VVs  —  -15  nearly. 
Eytelwein,  following  the  method  of  investigation 
pursued  previously  by  Prony,  found  from  a  large 
number  of  experiments,  a  =  "0000242651,  and  b  = 
•000365543  in  rivers,  for  measures  in  metres;  and, 
therefore, 

(93.)        V  =  (2735-66  rs  +  -001102)*  -  -0332.t 
This  reduced  for  measures  in  English  feet,  is 

*  Recherclies  Physico-Math^matiques  sur  la  Th6orie  des  Eanz  Cou- 
rantes.  A  redaction  of  this  formula  into  English  feet  is  given  at 
page  6,  Article  Hydrodynamics,  Encyclopedia  Britannica ;  at  page  164, 
Third  Report,  British  Association,  by  Rennie,  and  at  pages  427  and 
533,  Article  Hydrodynamics,  Brewster's  Encyclopeedia.    This  reduction 

V  =  —  0-1641  +  (-02376  +  32806-6  r  «)*  is  entirely  incorrect ;  and 
being  the  same  in  each  of  those  works,  appears  to  have  been  copied 
one  from  the  other. 

t  M^moires  de  I'Acad^mie  de  Berlin,  1814  et  1816.  See  equation 
(110). 


w  {:= 
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I?  =  (8975-43  r  8  +   -0118858)*  -  '1089 ;    or 
(94.)  -{^  =  94'S  VTT  —  '11  nearly,  or 

^  =  Vl'lfr-  -11  =  1-8  V/r  -  -11 

when  /  is  the  fall  in  feet  per  mile.     He  also  shows,* 

that  -ff ths  of  a  mean  proportional  between  the  fall  in 

two  English  miles  and  the  hydraulic  mean  depth,  gives 

the  mean  velocity  very  nearly.     This  rule  for  measures 

in  inches  is  equivalent  to 

(95.)  V  =  824  VTT] 

and  for  measures  in  feet 

(96.)  V  =  93-4  V7Z 

For  the  velocity  of  water  in  pipes  he  found,!  from 

the  fifty-one  experiments  of  Du  Buat,  Bossut,  and 

Couplet,  that  a  =  -0000228,  and  b  =  -0002808,  from 

which  for  measures  in  metres, 

(97.)         V  =  (8567-29  r  s  +  -00157)*  -  -0897 ; 
which  reduced  for  measures  in  English  feet  becomes 

■01698)*  -  -1308;  or 

nearly. 

Another  formula  given  by  Eytelwein  for  pipes,  which 
includes  the  head  due  to  the  velocity  for  the  orifice  of 
entry,  is  reducible  to 


(v  =  (11708-95  r  a  +  -( 
^^®-^  \v  =  108  Vra  -  -13  : 


*  Handbnch  der  Mechanik  und  der  Hydiuulik,  Berlin,  1801. 
f  Memoires  de  TAcad^mie  des  Sciences  de  Berlin,  1814  et  1815. 
Eytelwein*8  formula  is  r  ««  90*8  Vr7for  Prussian  feet,  and  for  pipes 

„  =  6-42^ /-^A.- 461       /^^;    which    he   changed 
V^      1  +  50  d  \r       I  +  bO  d 

afterwards  to  v  =  6-41  ,  jZ-f^-f}^  =  47*9  ^  /  ,  "^ -^  The  Prus- 
Bian  foot  is  here  equal  to  1*0297  English  feet. 
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nearly,  in  which  h  is  the  head,  {  the  length,  and  d 
the  diameter  of  the  pipe,  all  expressed  in  English 
feet.  This  is  a  particular  value  of  equation  (74)  suited 
to  velocities  of  about  2^  feet  per  second.  It  must  be 
here  mentioned,  that  much  of  the  valuable  information 
presented  by  Prony  and  Eytelwein  is  but  a  modifica- 
tion of  what  Du  Buat  had  previously  given,  and  to 
whom,  only,  for  much  that  is  attributed  to  the  two 
former,  we  are  primarily  indebted. 

In  the  foregoing  as  well  as  in  the  following  equa- 
tions for  the  velocity,  unless  otherwise  stated,  one 
class  of  standards  has  been  maintained.  It  is  evident, 
if  these  standards  be  changed  in  part,  or  in  whole,  that 
apparently  diiferent  forms  of  the  equations  will  arise ; 
thus — if  for  «,  the  hydraulic  inclination,  we  substitute 

^  the  fall  m  in  feet  per  mile  is  then  used  in  place 


6280 

of  the  inclination  a ;  so  that  equation  (94),  for  instance, 
would  become 

r  =  (1-7  m  r  -f  -012)*  —  '11  =  (1-7  m  rf  —  -linearly, 
in  which  v  is  the  velocity,  in  feet  per  second,  m  the 
fall  in  feet  per  mile,  and  r  the  "  hydraulic  mean 
depth  "  in  feet.  In  like  manner  equation  (98)  would 
become 

V  =  (2-2  m  r  -h  -02)^  —  -13  =  (2-2  m  r)«  —  -18. 
The  first  of  these  reductions,  viz. : — 

V  =  (1-7  mr  +  -0119)*  -  -109, 
is   given   in   a   book    of  tables   calculated  for  river 
channels  for  the   Commissioners  of  Public  Works, 
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Ireland,  the  original  equation  being  Eytelwein's,  and 
not  D'Aubuisson  8,  who  merely  copied  it.  It  is  suited 
for  velocities  averaging  about  1'3  foot  per  second. 
Again 

Mr.  Hawksley,  by  changing  the  form  of  an  old 
result,  gives  for  pipes  the  formula 

V  =-77  [ ^5 U 

in  which  I  is  the  length  in  yards,  h  the  head  in  inches, 
d  the  diameter  in  inches,  and  v  the  velocity  in  yards 
per  second.  For  uniform  feet  measures,  for,  v,  d,  and 
H,  this  becomes 

.    t;  =  48-045  (-    ^^     1^, 

which  is  only  an  alteratu)n  in  form  of  Eytelwein's  equa- 
tion, note  to  (93).  Eytelwein's  equation  expressed  in 
the  measures  used  by  Mr.  Hawksley  would  be  very 
nearly 

''^       **ll  +  lid]    ' 
which  is  the  simpler  of  the  two ;  both,  however,  are 
but  particular  cases   of   the  general   equation   (74), 
and  only  suited  for  velocities  of  about  2J  feet  per 
second. 

Dr.  Thomas  Young*  also  derives  his  formula  from 
the  supposition,  that  the  head  due  to  the  resistance  of 
friction  assumes  the  form  of  equation  (88) ;  calling  the 
diameter  of  a  pipe  d,  he  takes 

d 

*  Philosophical  Tranflactioiis  for  1808.  Yoong  also  tranBlated  Eytd- 
wein'8  Handbach. 
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and  the   whole  height  h  =  fe,  +  -7^,  expressed    in 

586 

inches,  which  corresponds  with  a  coefficient  of  '871, 

nearly,  for  the  orifice  of  entry.     He  found  firom  some 

experiments  of  his  own,  those  collected  by  Du  Bu&t, 

and  some  of  Gerstner's,  that 

(100.)    .  =  -0000002  {  ^f^^. 

and 

(101.)  b  =  -OOOOOOl  j  413  +  I^  -^^--m^^  I ; 
^  Id      d+12-8    d+-856J 


then  as  — =  '00171,  the  value  of  the  velocity  becomes 

586 

"*"  \  2  6  Z  +  '00341  d)  J  "26  Z +  '00341  d 
When  the  length  Z  of  the  pipe  is  very  great  com- 
pared with  the  head  due  to  the  orifice  of  entrance  and 
velocity,  '00171  t^,  then 

TT 

or  by  substituting  for  y  its  value  8,  equal  the  sine  of 
the  inclination, 

The  values  of  a  and  b  are  for  measures  in  inches. 
For  most  rivers  he  finds  for  French  inch  measures, 

V  =  V  20000  d  8,  in  which  d  must  he  taken  equal  4  r; 
this  reduced  for  English  inches  is 
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(105.)  f?  =  292  V  ^  « ; 

which  again  reduced  for  feet  measures,  becomes 

(106.)  V  =  84-8  ^/rT; 

These  latter  values,  for  rivers,  are  even  smaller  than 
those  found  from  Du  Bu&fs  formula;  less  than  the 
observed  velocities,  and  less  than  those  found  from  any 
other  formula,  with  the  exception  of  Girard*s.  The 
values  of  the  coefficients  a  and  b  vary  in  this  formula 
with  the  value  of  d  =  4  r ;  they  are  expressed  generally 
in  equations  (101)  and  (102),  from  which  the  preceding 
table  for  different  values  of  d  and  r  has  been  calculated. 
An  examination  of  this  table  will  show  that  a 
obtains  a  minimum  value  when  d  is  between  10  and 
11  inches ;  and  b  when  the  diameter  is  between  ^  and 
J  of  an  inch.     Now,  it  appears  from  equation  (102), 

thlit  V  increases  with     /.5_~  nearly,  or,  which  is  the 

V    bl 

same  thing,  as  b  decreases,  there  must,  cateris  paribus, 
be  a  maximum  value  of  v  for  a  given  value  of  * 

or  r  «,  when  d  is  between  i  and  f  inch ;  but  as    ^'- 

2b 

has  a  minimum  value   when  d  is  nearly   12  inches, 

the  maximum  value  of  v  referred  to   will  be  found 

between  values  of  d  from  f  inch  to  12  inches  ;  in 

fact,     when    d   =   10    inches    nearly.      A    similar 

peculiarity  has    already   been    pointed    out    in    Du 

Bu&t's  general  theorem,  at  page  218.    It  will  not  be 

necessai'y  to  take  out  the  values  of  —-  and  —  to  more 

2  0  4  6* 

than  one  place  of  decimals. 


"={. 
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The  values  of  ^r-=-  are  also  given  in  the  table,  and 

may  be  used  in  equation  (104)  for  finding  the  discharge 
from  long  pipes.  It  is,  however,  necessary  to  remark, 
that  this  equation  is  sometimes  misapplied  in  finding 
the  velocity  from  short  pipes,  and  those  of  moderate 
lengths.  It  is  necessary  to  use  equation  (102),  which 
takes  into  consideration  the  head  due  to  the  velocity 
and  orifice  of  entry  for  such  pipes. 

For  a  pipe  11  inches  in  diameter,  the  expression  for 
the  velocity,  eqaation  (104),  becomes  for  inch  measures, 

^  ^     -I- 1 .4Q  ^  *—  1-22  • 
•000034  ^  ^  ^^  J         ^  ^"^  • 

and  for  feet  measures,  also  substituting  4  r  for  d, 

very  nearly.  For  a  pipe  '7  inch  in  diameter  would  be 
found  in  a  like  manner  for  feet  measures, 

(106b.)  V  =  118  (r  8)^  -  -5, 

which  is  only  suitable  for  very  high  velocities. 

Sib  John  Leslie  states,*  that  the  mean  velocity  of 
a  river  in  miles  per  hour,  is  -{-f  ths  of  the  mean  propor- 
tional between  the  hydraulic  mean  depth  and  the  fall 
in  two  miles  in  feet.  This  rule  is  equivalent,  for 
measures  in  feet,  to 

(1070  V  =  100  y/TT: 

and  is  applicable  to  rivers  with  velocities  of  about  2  j 

feet  per  second. 

D'AuBUissoN,  from  an  examination  of  the  results 
obtained  by  Prony  and  Eytelwein,  assumes!  for  mea- 

*  Natural  Philosophy,  p.  423. 
t  Traits  d^Hydraoliqae,  p.  224. 
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sures  in  metres  that  a  =  -0000189,  and  h  =  '0008425 
for  pipes,  substituting  these  in  equation  (84)  and 
resolving  the  quadratic 

(108.)    V  =  (2919-71  rs  +  -00074)*  -  -027 ; 

which  reduced  for  measures  in  English  feet  becomes 

(109  )     (  ^  ^  (9579_r«  +  -00813)*  -  -0902,  or 
^      '^     1 1?  =  98  V  r  8  —  -1  nearly. 
For  rivers  he  assumes  with  Eytelwein,*  a  = -000024123 
and  b  =  '0008655,  for  measures  in  metres,  and  hence 

(110.)      V  =  (2785-98  rs  +  -0011)*  -  -088 ; 
which  for  measures  in  English  feet  is 

(111 )      I  ^  ~  (8976-5  rs  +  -012)*  -  -109,  or 
^       '^      \v  =  94-5  VTg  —  -11  nearly. 
When  the  velocity  exceeds  two  feet  per  second,  he  as- 
sumes, from  the  experiments  of  Couplet,  a  =  0,  and 
b  =  -00085875 ;  these  values  give 

(112.)  V  =  V  2787-46  r  s, 

for  measures  in  metres,  and 

(118.)  r  =  95-6  V  r"«  =  V9145  r  s 

for  measures  in  English  feet.    Equations  (110)  and 

(111)  are  the  same  as  (98)  and  (94),  found  from  Eytel- 

wein's  values  of  a  and  b,  and  it  may  be  remarked  that 

D'Aubuisson's  equations  for  the  velocity  generally,  are 

simply  those  of  Prony  and  Eytelwein. 

The  values  which  are  found  to  agree  best  with  the 
general  run  of  experiments  on  clear  straight  rivers  of 
uniform  section  are  a  =  -0000085,  and  b  =  -0001150 
for  measures  in  English  feet,  from  which  we  find 

n'iA\     i^  =  (8695-6  r8  =  -00028)*  -  -0152,  or 
^^^^•^     tf^  =  98\^77-.-02, 

•  Traits  d'Hydraulique,  p.  183.    See  Equation  (98>. 
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which  for  an  average  velocity  of  1 J  foot  per  second  will 

give  V  =  92*3  V  r  g  nearly,  and  for  larger  velocities 

V  =  98*8  s/  r  8;  for  smaller  velocities  than  1^  foot  per 

second,  the  coefficients  of  V  r«  decrease  pretty  rapidly. 
This  formula  will  he  found  to  agree  more  accurately 
with  observation  and  experiment  than  any  other  of  this 
form.* 

Weisbach  is  perhaps  the  only  writer  who  has  modi- 
fied the  form  of  the  equation  r8  =  av  +  bi^.  In 
Dr.  Young's  formula,  a  and  b  vary  with  r,  but  Weisbach 

assumes  that  hf  =  la+  ^|-  X  - — , and   finds    firom 

\        tA/  a       2  g 

the  fifty-one  experiments  of  Couplet,  Bossut,  and  Du 

Buat,  before  referred  to,  one  experiment  by  Guemard, 

and  eleven  by  himself,  all  with  pipes  varying  from  an 

inch  to  five  and  a  half  inches  in  diameter,  and  with 

velocities  varying  fi*om  1}  inch  to  16  feet  per  second, 

that  a  =  -01439,  and  6  =  -0094711  for  measures  in 

metres ;  hence  for  the  metrical  standard 

(116.)         h,  =  (-01439  +  -M^)  I  X 

This  reduced  for  the  mean  radius  r  is 

(116.)  h,  =  (-003597  +  '^^^)  ^xf; 

*  In  a  stream  (the  Mnddock),  with  a  cnrved  channel,  jagged  and 
]Tr^;a]ar  banks,  yariable  depths  ayeraging  abont  1  foot,  aquatic  plants 
growing  on  the  bed,  yarying  Telocity,  and  an  average  cross  section  of 
abont  16'50  feet,  the  flow  was  only  18  cnbic  feet  per  second,  the  for- 
nrala  giving  85  cnbic  feet.  In  such  cases  the  application  of  a  fonnnla 
investigated  for  a  nniform  channel  and  a  uniform  slope  is  inadmissible  ; 
yet  we  have  heard  evidence  in  the  Fonr  Courts,  Dublin,  founded  on 
such  mistaken  applications.    See  note,  p.  192. 

Q  2 
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from  which  for  measures  iu  English  feet 

(117.)  \  =  (-008597  +  '^^)  I  X  f^. 

and  thence 

(118.)  r  s  =  {oomi  +  ■-^9^)  f^; 

and  by  substituting  for  2  g,  its  value  64*408, 
(119.)  r  s  =  (-00005585  +  '^m^y. 

In  equation  (117),  ('008597  +  1^9^^  =  Ct  is  the 

coefficient  of  the  head  due  to  friction.  The  equation 
does  not  admit  of  a  direct  solution,  but  the  coefficient 
should  be  first  determined  for  different  values  of  the 
velocity  v  and  tabulated,  after  which  the  true  value  of 
v  can  be  determined  by  finding  an  approximate  value, 
and  thence  taking  out  the  corresponding  coefficient 
from  the  table,  which  does  not  vary  to  any  considerable 
extent  for  small  changes  of  velocity.  In  the  following 
small  table  the  author  has  calculated  the  coefficients  of 
friction,  and  also  those  of  e^,  in  equation  (119),  for 
different  values  of  the  velocity  v. 
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TABLE  OF  THE  COEFFICIENTS  OF  FKIOTION  IN  FIPES. 


Velocity 
in  foot. 

Cf 

044 

044 

> 

Velocity 
in  feet. 

U 

04  4 

04  4 

> 

•1 

•017109 

•0002004 

3078  07 

65-6 

2-4 

•000305 

•0000988 

10121-5 

100-5 

•2 

013180 

•0002047 

4886  2 

09-9 

2-6 

•000309 

•0000979 

10214*5 

101-0 

•3 

•011427 

•0001774 

6080  9 

76  •OS 

2  0 

•000257 

-0000972 

10-288  1 

1014 

•4 

•010378 

•0001011 

0270-3 

78-8 

2*7 

•000207 

•0000904 

10873  4 

101-8 

•5 

•009002 

•0001500 

0000*0 

81-0 

2-8 

-006160 

•0000950 

10400*2 

102  2 

•6 

-009133 

•0001418 

7052  2 

84*0 

2-9 

•000115 

•0000949 

10537  4 

102  0 

•7 

•008723 

•0001354 

7385  6 

85-9 

z- 

•000073 

-0000943 

10604*4 

102-9 

•8 

•008891 

•0001303 

7074^0 

87-6 

35 

•005890 

•0000914 

10940*9 

104*0 

•9 

•008117 

•0001280 

7930-5 

89  1 

4- 

•005741 

•0000891 

112-23*3 

106*9 

1-0 

•007880 

•0001224 

8109*2 

90  4 

6^ 

•005514 

•0000860 

11082*2 

108*0 

1-1 

•007080 

•0001193 

8382-2 

91^5 

0^ 

•005348 

-0000830 

12048*2 

109  7 

1-2 

•007512 

•0001100 

86708 

92-0 

7^ 

-005218 

•0000810 

12345*0 

nil 

1-25 

•007433 

•0001164 

8006-6 

93-1 

8- 

•005113 

•0000794 

12632*2 

112-4 

1-3 

•007368 

0001142 

8760  6 

936 

9^ 

•005020 

-0000780 

12820  5 

113*8 

1-4 

•0072-21 

•0001121 

8920-6 

94-4 

10  • 

•004953 

•0000709 

13003*9 

1140 

15 

•007098 

■0001102 

9074-4 

95  2 

16^ 

•004704 

•0000730 

18698*0 

117*0 

1-6 

•000987 

•0001085 

9210-5 

90^0 

10^ 

•004009 

-0000725 

13793*1 

117*4 

1-7 

•000880 

•0001009 

9364-5 

90  7 

20- 

-004550 

•0000707 

14144*2 

1180 

1-75 

•000839 

•0001002 

9410-2 

97-03 

26- 

•004455 

-0000091 

14471*7 

120-8 

18 

•000794 

•0001064 

9487  0 

97-4 

30- 

-004380 

-0000080 

14705*9 

121-2 

1-9 

•000716 

•0001042 

9690*9 

97-9 

36- 

•004822 

-0000071 

14903  1 

122  0 

2- 

•000020 

•0001029 

9718-2 

98  6 

40- 

•004276 

-0000004 

15000*2 

122  7 

2-1 

•000650 

•0001018 

9828-2 

99  1 

45- 

004-230 

•0000058 

15197*5 

1233 

2-2 

•000488 

•0001007 

9930-6 

990 

60^ 

•004203 

•0000053 

15313*8 

128-7 

2-3 

•000424 

1 

•0000997 

10003^ 

100- 

100^ 

•004200 

•0000625 

16000*0 

1204 

If  the  value  of 


64-4 


here  found,  be  substituted  in  the 


equation  v 


r  8,  we  shall  have  the  value  of 


r.  According  to  this  table  the  coefficient  of  friction 
for  a  velocity  of  six  inches  is  more  than  twice  that  for 
a  velocity  of  twenty  feet,  and  the  velocity  is  less  in  the 

proportion  of  81-6  to  118-9,  or  of  81-6  (r  «)*  to  118*9 

(r  «)*.  On  comparing  these  coefficients  and  those  for 
pipes  in  the  preceding  formulae,  with  those  for  rivers 
of  the  same  hydraulic  depth,  it  will  be  perceived  that 
the  loss  from  friction  is  greatest  in  the  latter,  as  might 
have  been  anticipated ;  but  this  evidently  arises  from 
lesser  velocities. 
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It  has  been  remarked  that  the  coefficient  of  friction 
decreases  as  the  velocity  increases.  The  only  general 
formula  which  properly  meets  this  defect  in  the  com- 
mon formulae  is  Weisbach*s,  but  it  does  not  give  the 
velocity  v  directly,  as  this  quantity  is  involved  in  both 
sides  of  his  equation.  As  for  several  hydraulic  works 
it  is  necessary  to  convey  water  through  pipes  to  work 
machines  under  high  heads,  and  for  which  the  common 
formula  would  give  results  considerably  under  the  true 
ones,  it  appeared  to  the  author  desirable  to  obtain  some 
simple  expression  for  the  velocity  which  might  be  easily 
remembered  and  applied,  which  would  be  equally  cor- 
rect with  other  formulse  for  medium  velocities  of  from 
one  to  two  and  a  half  feet,  and  which  at  the  same  time 
would  give  practically  correct  results  for  lesser  and 
greater  velocities  within  the  limits  of  experiment.  By 
reducing  the  velocity  found  from  experiment  to  the 

form  v  =  m  \/77for  every  case,  and  afterwards  ap- 
plying a  correction  of  the  form  n  v^  ^  «  to  meet  the 
increasing  value  of  m  as  e?  increased,  the  following  ex- 
pression was  discovered : — 

(119a)  V  =  140  {rsf  -  11  (r«)* 

which  gives  results  not  differing  more  from  experiments 
than  these  frequently  do  from  each  other.  The  follow- 
ing table  exhibits  the  velocities  compared  with  those 
obtained  from  the  experiments  made  by  Du  Buat, 
Couplet,  Watt,  Mr.  Provis,  and  Mr.  Leslie,  in  the 
Minutes  of  the  Institution  of  Civil  Engineers  for  Feb- 
ruary 1855.  The  last  experiment  was  furnished  by 
Mr.  Hodson  of  Lincoln.  Numbers  84  and  85  were 
made  as  stated,  and  give  the  mean  results  of  several 
experiments  made  with  great  care ;   the  coefficient  of 
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TABLE  ah/ming  the  Experimental  Results  of  observed  Velocities  in  Water 
C/uinnels,  with  the  Author's  gensrdl  formula  for  Pipes  arid  Rivers  (119a)  viz. 

r=140(rs)^-ll(rs)*» 


5^ 

Uoads 

in 

feet  (H). 

1 

Lengtbs 
in  feet  (/> 

Values 
of  r. 

Values 
ofs. 

Values 
of  rs. 

Velocities 
from 
experiment. 

Velocities 
from  the 
formula. 

Velocities 
expressed  in 
the  form  v= 

Experimen- 
ter's Names. 

1 

1       -08333 

1086- 

-052083 

-000076 

•00000896 

-100 

•105 

52-6V»'« 

Mr.  Leslie 

2        -01332 

65 -37 

-022204 

•000196 

•00000434 

•140 

•113 

540    „ 

Couplet 
Mr.LesUe 

Ml       -14583 

1086- 

•052083 

•000133 

•00000693 

■118 

•157 

60-0    ,. 

4        -49586 

7482- 

•111000 

-000066 

■00000134 

•178 

•167 

61-6    „ 

Couplet 
Mr.LesUe 

.0      -aosss 

1086- 

•052063 

•000190 

-00000989 

-217 

•206 

650    ,. 

G        -46833 

1086- 

•052083 

-000417 

•00002170 

-361 

•345 

741    „ 

tf 

7      1-48768 

7482- 

■111000 

-000198 

-000022-20 

•366 

•348 

74-1    „ 

Couplet 
Mr.LesUe 

S      1^44800' 

1086  • 

-052083 

-001321 

•0000688 

•715 

•711 

857    „ 

!♦      2-78125 

1086- 

'052083 

002538 

•0001322 

1085 

1050 

91-3    „ 

9f 

1" 

t» 

2-427200 

000063 

-0001532 

1166 

1-143 

92-4    „ 

Watt 

11        '50000 

100- 

-081250 

-004741 

•0001482 

1023 

1122 

92-2    ,. 

Mr.  Provis 

12     278126 

1086- 

-052083 

004348 

0002265 

1-461 

1-438 

96-6    „ 

Mr.  LesUe 

i:'.     4-76042 

1086- 

•052083 

-006410 

•0003340 

1-726 

1-796 

98-3    „ 

ft 

H      106580 

127-9 

•044630 

-007748 

-0003458 

1-839 

1-840 

989    „ 

Bossut 

!•>        -50000 

40- 

•031250 

010810  -0003878 

1-711 

1-816 

98-7    „ 

Mr.  Provis 

I«>     1-065S0 

95  92 

•044630 

•010060-0004485 

2111 

2-124 

100-3    „ 

Bossut 

17      1-5 

100- 

-031250 

•014156'  -0004422 

2005 

2-103 

100-5    „ 

Mr.  Provis 

|l^     9-9896 

1086- 

•052083 

•009174, -0004779 

2095 

2-185 

100-6    „ 

Mr.LesUe 

IV        -8575 

40- 

-031250 

-018042;  0005638 

2^380 

2-414 

1017    „ 

Mr.  ProTis 

•JO     21816 

191*9 

-044630 

•010648  -0004708 

2^463 

2-183 

100-6    „ 

Bossut 

rll      2  1316 

159-9 

-044630 

•012524 

-0005589 

2-440 

2-404 

1017    „ 

•1 

» 

•052083 

014286 

•0007440 

2-800 

2-823 

103-5    „ 

Mr.LesUe 

it      2-1316 

127-9 

•044630 

015360 

•0006851 

2^744 

2-696 

103  0    „ 

Bossut 

»i 

-044630 

•027921 

-0012465 

3-819 

3-760 

106-5    „ 

Mr.  flasUe 

-'           If 

1* 

-052083 

-026000' -001 3021 

3783 

3-852 

1067    ., 

•-•».     3-27416 

40- 

-031250 

•018040  -00*2093 

6-054 

5  006 

109-3    „ 

Mr.  Provis 

■-'7      2-3684 

10-39155 

•022204 

•133689  -0029679 

6-3'>2 

6-048 

1110    „ 

DuBuAt 

•J**     3-27416 

20- 

•031250 

•111200  0034750 

6-723 

6-572 

lll'S    „ 

Mr.  Provis 

•-•:»     3-4525 

20- 

•031250 

•113900; -0035694 

7-086 

6-668 

111-9    „ 

99 

:«)     7135 

62-8822 

-029605 

-098861 

-0029268 

6-157 

6-999 

110-9    ,. 

Couplet 

31  i  14-270 

125  7644 

■029606 

■106151 

•0031426 

6161 

6-239 

111-3    „ 

99 

'«2    21-405 

188-6466 

-029605 

•108679 

-00321465 

6  145 

6-316 

111-4    ,> 

99 

31      31974 

10-39155 

•022204 

-176991!  0039292 

7'544 

7-039 

112-3    ., 

DuBuAt 

VA    11125 

9-292 

•021260 

•713000' 01615126 

14  683 

14-613  [117-9    ;, 

Mr.  NeviUe 

S.'i    20-8 

19-2 

•021250 

-814000  •01729750 

15667 

15-617 1118-4    .. 

9  9 

3» 

5  150- 

100- 

•020833 

1-400000  0291667 

21-7 

20-6 

120-3  v;ri 

Mr.  Hodaon 

*  The  form  in  which  this  formola  was  first  found  was  as  follows  : — 
r  =   1 140  —  (r  ,\*  (    ^  VlrT.     For  measures  in  metres  it  becomes 
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the  orifice  of  entry  was  found  to  be  '860.*  The  mea- 
sures have  been  all  reduced  to  English  feet.  The 
results  found  by  the  same  experimenters,  at  the  same 
time,  with  the  same  apparatus,  sometimes  differ  b}' 
three  or  four  per  cent.,  as  may  be  seen  by  referring  to 
Mr.  Provis'  experiments  (Transactions  of  the  Institu- 
tion of  Civil  Engineers,  vol.  n.,  p.  203),  and  the  differ- 
ence in  the  experiments  shown  in  the  table  are  apparent. 
The  difference  in  the  velocities  found  from  the  experi- 
ments, do'  not  exceed  those  inseparable  from  practical 
investigations,  and  they  differ  as  much  in  themselves 
as  from  the  formula,  which  for  cylindrical  pipes  of 
diameter  d  may  be  thus  expressed, 

(119b  )         f  t^  =  70  (d  a)*  -  6-93  {d  «)*,  or 
1 1?  =  70  (da)*  -  7  (da)*  nearly. 
The  expression  fails  when  70  (d  s)*  is  equal  to  or 
less  than  6*93  (d  a)%  but  as  this  only  happens  when 

_- j  =  '000000235,  and  for  velocities  below  one 

inch  per  second,  its  practical  value  is  not  thereby  af- 
fected. The  expression  of  Du  Buat  fails  with  a  tube 
of  one  twenty-fifth  part  of  an  inch  iu  diameter,  no 
matter  what  the  head  may  be,  as  it  then  makes  the 
velocity  equal  to  nothing,  although  some  of  the  experi- 
ments from  which  it  was  derived  were  made  with  tubes 
but  the  eighteenth  part  of  an  inch  diameter.  The  fol- 
lowing expression  is  free  from  this  defect : 

(119  c.)  t>  =  60  (r«)*  -t-  120  (rs)*, 

*  The  coefficient  for  the  orifice  of  entry  was  found  by  cutting  off  the 
pipe  at  two  diameters  from  the  cistern  at  the  conclusion  of  the  ezperi- 
"nents,  and  finding  the  time  of  emptying.     Vide  p.  172. 
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and  will  give  results  approximating  veiy  closely  to 
those  found  from  Du  Bu&t's  formula,  and,  therefore, 
with  those  experiments  with  which  it  most  nearly 
coincides,  but  agreeing  much  more  closely  with  Watt's 
and  other  experiments,  on  rivers.  It  gives  higher 
results  than  the  previous  formula  for  velocities  below 
six  inches,  but  the  results  found  by  different  experi- 
menters differ  very  much  in  those.  For  higher  velo- 
cities it  appears  to  differ  occasionally  only  about  one- 
twentieth  from  observation,  being  in  general  less,  as 
far  as  twenty  feet  per  second,  where  it  coincides  very 
closely  with  Mr.  Hodson's  experiment.  As  the  errors 
appear  to  be  of  an  opposite  kind  generally,  in  the  two 
last  expressions,  combining  them  is  found 

(119  D.)  V  =  100  (r  a)*  +  60  (r  s)*  -  5-5  (r  »)*, 
an  expression  which,  however,  wants  simplicity  for 
ready  practical  application.  When  the  length  of  the 
pipe  does  not  exceed  from  1000  to  2000  diameters,  a 
correction  is  due  to  the  velocity  in  it,  and  to  the  orifice 
of  entry  before  finding  the  "hydraulic  inclination"  (a). 
The  coefficient  used  in  reducing  the  foregoing  experi- 
ments for  the  orifice  of  entry  was  '815,  which  gives 

1'508    ^ —  for  the  height  due  to  the  joint  effects  of 

velocity  and  orifice.     This  must  be  deducted  from  the 
head  (h)  before  dividing  it  by  the  length  (i)  to  find  the 
inclination  (a)  in  our  table. 
The   following  table,  calculated  from  the  formula 

(119  a),  <?  =  140  {rsy  —  11  (ra)*,  gives  the  corres- 
ponding values  of  r  s  and  v,  so  that  when  one  is  known 
the  other  is  immediately  found  from  inspection.  Thus, 
if  r  «  =  '03125,  then  we  shall  have 
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TABLE  for  finding  the  Velocity  in  feet  per  second,  from  the  product  of 
the  hydraulic  mean  depths  and  hydraiUic  inclinations,  and  the  reverse 

calculated  from  the  A%Uhor's  formula  w  =  140  (rs)*  —  11  (ra)*,  in 
which  r,  s,  and  v  are  feet  measures. 


Values  of 

Velo- 

I 
Values  of 

Velo- 

Values of 

Velo-   1 

Values  of 

Velo- 

rt. 

city  V. 

1       rt. 

city  r. 

rt. 

cityr.  ! 

rt. 

city  »- 

•00000296 

•088 

0001302 

104 

•000689 

2-70 

•003559 

6-67 

•0000033-2 

•091 

•0001322 

106 

•000710 

276 

•003699 

6-71 

•00000395 

■104 

0001420 

109 

-000744 

283 

.    -003630 

6-74 

•00000427 

•111 

,   '0001482 

112 

•000768 

2-85 

■003788 

6-90 

00000543 

•133 

0001532 

114 

•000789 

2-91 

•003929 

7^04 

^0000592 

-14S 

0001578 

116 

•000805 

2-94 

•003946 

706 

•00000690 

•158 

•0001610 

1-17 

•000833 

800 

•003977 

7-08 

•00000734 

167 

•0001657 

119 

•000852 

3^ 

004104 

720 

•00000947 

•198 

•0001736 

l'?l 

•000900 

318 

•00*167 

7-27 

-00000989 

'206 

0001776 

1-24 

•000947 

3-22 

-004356 

7-44 

•00001184 

•281 

•0001816 

1-26 

-001042 

3-40 

•004546 

7-62 

■00001263 

•241 

'0001894 

130 

•001105 

3  51 

•004630 

769 

•00001420 

•261 

•0002052 

1'35 

•001186 

8'57 

•004786 

7 '78 

•00001578 

•280 

•0002131 

1'38 

-001231 

373 

•006566 

849 

•00001677 

•292 

•0002205 

143 

^1246 

3'76 

-006944 

9*61 

•00001804 

•316 

•0002367 

1'47 

•001263 

3-78 

•007576 

10-0 

•00001973 

•325 

•0002562 

ISO 

•001302 

3*86 

-008333 

10'5 

•00002170 

•346 

-0002604 

1'66 

•001326 

3-89    1 

•009259 

11-1 

•00002367 

•866 

0002652 

1-57 

-001420 

4-04    1 

010417 

11^8 

•00002365 

•385 

'0002778 

1-61 

-0D1615 

4  18 

•011905 

12-7 

•00002841 

•411 

•0002841 

1'63 

•001676 

4-28 

-013889 

13-8 

•00003255 

'448 

0003030 

169 

;    -001610 

432 

-015151 

14-6 

•00003354 

•457 

•00OS157 

I'TS 

•001667 

4-41 

016667 

15-3 

•00003551 

'473 

0003220 

1-75     I 

-001705 

4-46 

•017297 

16-6 

00003748 

•489 

•0003314 

1-79 

•001735 

46] 

•020833 

171 

'00003946 

•505 

•0003378 

1-80 

'001799 

460 

•027778 

20-2 

•00004143 

•521 

•0003409 

1'81 

•001894 

4  78 

1     029167 

20-6 

•00004340 

•536 

•0003551 

1-85 

•001989 

487    1 

•041666 

24-7 

•000046S-2 

•558 

0008630 

1^89 

•002052 

4^94 

•055566 

28-8 

•00005130 

•594 

•0003706 

1-90 

•002083 

4-98 

•062500 

SO'6 

•00005327 

'608 

•0003788 

192 

•002093 

5  00 

•072916 

33  •« 

-00005524 

•622 

0003946 

1-98 

•002178 

5-10 

•083333 

35-6 

'00005919 

•648 

•0004022 

110 

•002210 

6-14 

•104167 

40-0 

•00006314 

•674 

•0004103 

2  02 

•002273 

5-22 

125 

43D 

•00006708 

•699 

•0004261 

2-06 

•002375 

6-36 

•145688 

47-6 

0000688 

•711 

•0004419 

210 

'002462 

546 

•166667 

511 

■00007102 

•724 

•0004485 

212 

•002533 

653 

•208383 

67-8 

•00007694 

•760 

•0004546 

2  14 

•002652 

6-68 

•229167 

60*2 

•00008040 

•781 

•0004708 

2  18 

•002683 

672 

■260000 

630 

-00008523 

•808 

•0004735 

218 

•002841 

6*90 

•270838 

65-7 

•00008681 

•828 

•0004893 

2-23 

•002968 

606 

•812600 

70-7 

•00009270 

•849 

•0005051 

2  27 

•002099 

608 

-333333 

73-2 

•00009470 

•861 

0005208 

2'31 

•003030 

611 

•864167 

75 '5 

•00010259 

'908 

•0005308 
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•003143 

6-23 

•875000 

77-7 

•00010654 

'923 

•0005638 

2'41 

•003167 

6-25 

'396833 

800 

•00011048 

•946 

•0006061 

2'62 

•003214 

6  31 

•416667 

821 

•00011364 

•960 

•0006166 

2-64 

•003220 

6-82 

•487600 

84'2 

•00011887 

•988 

•OC06313 

2-67 

003314 

6'42 

•468333 

86-2 

•0001*2232 

100 

•0006440 

2  60 

•003409 

661 

•479166 

88*3 

•000r26-27 

102 

'0006629 

2  •64 

•008476 

6-68 

•500000 

90-3 
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V  =  20-6      when      r  «  =  -029167 
r  =  24-7      when      r8  =  -041666 


Difference    4-1  corresponds  to  -012499 

-03126 
•02917 


Difference  -00208 
Whence  -0126  :  4*1  :  :  -00208  :  '7  nearly,  and  20'6 
+  7  =  21*8  is  the  velocity  sought ;  the  same  practi- 
cally as  found  in  Example  26,  p.  24.  If  allowance  is 
to  be  made  for  the  head  due  to  the  orifice  of  entry  and 
velocity,  this  head  can  be  determined  from  the  velocity 
due  to  the  value  of  r  8  in  the  table  next  less  than  the 
given  value  with  sufficient  accuracy.  In  this  case,  this 
velocity  is  20*6  feet  per  second  =  247  inches  nearly. 
If  the  orifice  of  entry  be  square,  the  coefficient  is  "815, 
and  the  head  due  to  the  velocity  and  this  coefficient  is, 
Table  II.,  10  feet  nearly.  If  r  be  known  separately, 
and  also  8,  as  well  as  the  head  h,  and  the  length  of  the 
pipe  {,  at  first 

H  J    XT.       r         H  —  10        A 

J  =  8,  and,  therefore, —  =  -  =  s. 

V  Lb 

In  Example  26,  p.  24,  h  =  150,  and  I  =  100  feet, 
therefore,  the  new  value  of  -  =  — -  is  1*4  ;  and  as  r 

V  jL\J\J 

must  be  equal  '020888,  r  s  =  -02917 :  the  value  cor- 
responding to  which,  in  the  table,  is  20*6,  the  velocity 
when  allowance  is  made  for  the  head  due  to  the  velocity 
and  orifice  of  entry. 

In  general,  by  taking  the  value  of  t;  for  the  next 
less  value  of  r  «  in  the  table,  the  velocity  will  be  found 
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with  sufficient  accuracy,  and  also  the  value  oi  rs  from 
that  of  V  by  taking  it  as  the  next  greater.  If  r  8 
=  -0008523,  the  table  would  give  v  =  8-04  feet,  the 
same  practically  as  already  found  in  Example  27» 
p.  25. 

The  value  of  r  «,  when  known,  determines  and  fixes 
the  value  of  v.  If  r  be  assumed  of  any  convenient 
dimensions,  8  is  then  determined ;  and,  in  like  manner, 
any  suitable  value  of  8  determines  r ;  thus : 

r  8  .r  8 

—  =8,  and  —  =  r. 

r  '  8 

It  is  well  to  remark,  here  again,  that  for  pipes  the 
value  of  r  is  the  fourth  part  of  the  diameter  (2,  and 
that 

^     r  =  "7,  and  4  r  =  d. 

M.  DARCYin  1857,  inspecteur  des  ponts  et  chauss6es, 
published  his  "Becherches  experimentales  relatives  au 
Mouvement  de  I'Eau  dans  les  Tuyaux,"*  the  result  of 
198  experiments,  in  which  the  velocities  varied  from 
•03  to  5  or  6  metres  per  second,  or  from  1-J-  inch  to  16 
or  19  feet,  and  with  pipes  varying  from  J  inch  to  20 
inches  diameter.  The  formula  by  which  he  presents 
the  results  is,  in  metres, 

(a.)  Txj=bi  u^ 

in  which  R  is  the  radius  of  the  pipe,  j  the  hydraulic 
inclination,  bi  a  variable  coefficient  dependent  on  the 
circumstances,  and  u  the  velocity  per  second.  For 
wrought  and  cast  iron  pipes  of  the  same  state  of  bore, 

*  M6iuoires  pr^8ent68  par  divers  savants  H  TAcad^inie  des  Sciences 
de  rinstitat  imperial  de  France,  tome  XV.,  Pans,  1858. 
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the  value  of  61  is    expressed  by  M.  Darcy,  by  the 
equation 

r.^r..^»  -00000647 

(6.)  fti  =  "000507  +  - 


R 


the  agreement  between  which  and  experiment  is  shown 
in  the  following  table. 


Diameters 

• 

Diameters 
in  metres. 

Value  of  &x 

Value  of  hx 

In  Bnglish 

from  ex- 

by  the 

Remarks. 

inches. 

periments. 

formula. 

•5 

•0122 

•001678 

•001568 

1- 

•0266 

•000918 

■000993 

1-5 

•0395 

•000785 

•000835 

3-2 

•0819 

•000695 

•000665 

5-4 

•1370 

•000558 

•000601 

Well  polished  bore. 

7-4 

•1880 

•000584 

•000576 

11-7 

•2970 

•000612 

•000551 1 

Pipe  already  in  use, 
bat  the  bore  cleaned. 

19-7 

•5000 

•000509 

•000532 

For  iron  coated  with  bitumen,  the  value  of  ^  in  a 
pipe  '196  metres  in  diameter  was  '0004884;  for  a 
newly  cast  pipe  of  "188  metres,  61  was  "000584 ;  and 
for  a  pipe  '2482  metres  in  diameter,  hi  was  '001168 ; 
the  relative  proportions  of  hi  in  these  three  instances, 
being  as 

I'l  to  1'5  and  to  8 ; 
and,  therefore,  the  velocities,  or  discharges,  would  be 
inversely  as  the  square  roots  of  these,  or  as 

'96  to  -82  and  to  '58. 
By  substituting  the  notation  used  in  this  work  for  that 
of  M.  Darcy,  then  for  measures  in  metres,  from  equa- 
tions (a)  and  (b), 

0000016175 1 


r« 


4^={. 


0002586  + 


I 


1*1  ■ 
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which  for  feet  measures  becomes  (as  1  metre  =  3'281 

feet) 

f           .«.      8-281  X  -OOOOOieiTS )  't? 

r«=  I  -0002535  + }  x  gr^gj  : 

hence 

T_B 

^^^^«^«^   -00000162 
7^  =  -00007726  + , 

T 

andy  therefore, 

T  8 


'^  =  {•00007726 +  -.200^1  • 

For  all  half-inch  pipes  this  becomes 

^={:00^k78}*  =  «S-6V77; 

for  all  inch  pipes, 

*=  {-00^1502  }*=80-8nA:7; 

for  all  two-inch  pipes, 

for  all  four-inch  pipes, 
for  all  six-inch  pipes, 

^  =  {-oo(^}*=io«'5^^' 

for  all  nine-inch  pipes, 

*  =  {^00^459}*=  ^^7*^  ^~*' 

for  all  twelve-inch  pipes, 
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for  all  eighteen-inch  pipes, 

"  =  {  -00008158  }  ^  =  "Q"^  ^^' ' 
for  all  twenty-four  inch  pipes, 

^=  {  -0000805 }     =111-5  V77; 
and  when  r  is  large,  as  for  very  large  pipes  and 
channels,  the  velocity 

^  =  {  -00007726  Y  =  ^^^'^  *^~^' 
is  obtained. 

There  is  evidently,  on  an  examination  of  these 
results,  a  great  error  in  the  formula  of  M.  Darcy.  As 
long  as  the  diameter  of  a  long  pipe  continues  constant, 
the  velocity  is  always  represented  by  a  given  jQxed 

multiple  of  sfVz,  or  of  the  square  root  of  the  product 
of  the  hydraulic  inclination  and  hydraulic  mean  depth, 
no  matter  how  small  or  great  the  velocity  in  the  pipe 
may  be.  For  an  inch  pipe  this  multiplier  for  feet 
measures  is  80*8.  Now  with  a  lead  pipe  the  author 
has  found,  from  several  experiments,  for  a  velocity 
of  about  15  feet  per  second,  the  multiplier  to  be  117 
or  118 ;  and  for  a  velocity  of  about  22  feet  per  second, 
Mr.  Hodson*s  experiment  gives  a  multiplier  of  about 
120.  Taking  the  other  extreme  for  large  pipes,  the 
multiplier  derived  from  M.  Darcy's  formula  is  118*8, 
no  matter  how  small  the  velocity  may  be.  But  there  are 
experiments  in  abundance  to  prove  that  for  velocities 
of  about  12  or  18  inches  per  second,  the  multiplier 
cannot  exceed  95.  We,  therefore,  look  upon  these 
researches  of  M.  Darcy  as  partial  and  defective,  and 
his  formula  as  a  representation,  at  best,  of  a  limited 
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range  of  velocities,  in  which  those  at  either  side  are 
omitted  or  not  perceived. 

For  small  pipes,  any  obstruction  arising  from  defec- 
tive bore,  decomposition,  encrustation,  or  from  dimin- 
ished bore,  affects  the  discharge  much  more  considerably 
than  the  same  obstructions  in  a  large  pipe.  In  order 
to  compare  correctly  the  effects  of  the  state  of  the 
bore  on  the  discharge,  pipes  of  exactly  the  same 
diameter  must  be  used,  and  the  value  of  hi  determined 
from  experiments  in  which  the  velocity  is  the  same, 
otherwise  the  results,  as  deduced  by  M.  Darcy  and 
given  by  Morin,  cannot  be  depended  upon. 

A  few  examples,  taken  at  discretion,  are  given  to 
show  how  limited  this  formula  must  be  in  its  applica- 
tion. 

1.  Couplet's  experiment.  No.  48,  p.  217,  reduced 
to  feet,  gives  r  =  '8997  feet,  s  =  'OOSS,  r  «= "001889, 
and  the  observed  velocity  v  =  8*478  feet  =  96  \/  r  « 
nearly.  Darcy's  formula  would  give  v  =  llO'B  V  r  Sy 
the  author's  formula  106  V  r  8  nearly,  and  Weisbach's 

105  V  r  «  nearly.  The  pipe  was  probably  an  old  one, 
and  a  deduction  of  about  10  per  cent,  might  be  made 
for  the  state  of  the  bore.  Here,  however,  there  is  no 
means  of  judging  the  effect  of  a  change  of  inclination 
on  the  multiplier  m,  table  page,  281. 

2.  From  Du  Buat's  experiments  with  an  inch  pipe, 
nearly,  Nos.  50  and  51,  p.  217,  after  reducing  them 
to  feet,  in  experiment.  50,  r  =  '0222,  8  =  '228  and  v 
=  6-83  feet  =  89*2  VTT;  or,  after  making  the 
necessary  deductions  in  the  head  for  the  velocity  and 
the  orifice  of  entry  with  the  coefficient  'BIS,  s  =  '147 
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and  V  =  6*88  feet  =  111'4  VTl.    In  experiment  51, 

in  feet  r  =  -0222,  s  =  -3074,  and  t;  =  7-54  =  92  VTs ; 
or,  by  making  aUowance  for  the  head  due  to  the  velo- 
city and  the  orifice  of  entry,  as  before,  «  =  '179,  and 

V  =  7*54  feet  =  119'7  '^  r  8.  Here  it  is  seen  how 
the  velocity,  or  value  of  the  inclination,  «,  affects  the 
value  of  the  multiplier,  the  diameter  remaining  con- 
stant.    M.  Darcy's  formula,  in  each  case,  would  only 

make  v  =  80'2  ^~t~8. 

8.  In  the  excerpt  proceedings  of  the  Institution  of 
Civil  Engineers,  p.  4,  6th  February,  1855,  James 
Simpson,  president,  in  the  chair,  there  is  given  for  the 
**  CoUnton  pipe "  16  inches  diameter,  eight  or  nine 
years  in  use,  three  observations.  First,  29,580  feet 
long,  a  head  of  420  feet  and  a  discharge  of  571  cubic 
feet  per  minute :  these  give  v  =  6*816  feet  =  99*2  Vr« 
nearly.  Secondly,  a  length  of  25,765  feet  a  head  of 
184  feet,  and  a  discharge  of  440  cubic  feet  per  minute : 
these  give  v  =  5*252  feet  =  96*3  Vr  «.  And  thirdly, 
a  length  of  8,815  feet  a  head  of  184  feet,  and  a  dis- 
charge of  1,215  cubic  feet  per  minute  :  these  give  v  = 

14'5  feet  =  115  sAVa  nearly.  In  these  three  examples, 
the  diameter,  castings,  and  age  of  the  pipes  are  the 
same.     Yet  it  is  seen,  clearly,  that  the  inclination 

affects  the  multiplier  of  V  r  8,  which  increases  with 
the  inclination,  8,  although  M.  Darcy's  formula  would 
make  the  multiplier  the  same  in  each  case,  and  for  all 
inclinations,  viz.  v  =  110  V  r  8.  Making  those 
allowances  inseparable  from  the  state  of  the  pipe,  and 
all  experimental  observations,  these  results,  as  well  as 
those  from  Du  BulLt's  experiments,  confirm  the  accuracy 
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of  the  author's  general  formula  (119a),  page  230> 
and  those  others  that  have  been  given  following  it,  as 
well  also  as  that  of  Weisbach. 

Dr.  Young's  formula,  page  222,  bears  a  resemblance 
to  that  of  M.  Darcy,  in  maMng  the  multiplier  of  \/T« 
depend  only  on  the  diameter ;  but  it  works  in  a  con- 
trary manner :  for  the  high  velocities  being  derived 
from  pipes  with  small  diameters,  in  th6  experiments 
at  his  command,  the  value  ofcint;  =  cN/r«,  reduced 
from  his  formula,  becomes  larger  in  general  for  small 
than  for  larger  diameters*  No  doubt  an  allowance 
should  be  made  in  small  pipes  for  a  thin  film  of  water 
adjoining  the  pipe  with  little  or  no  velocity ;  but  within 
the  limits  with  which  the  engineer  has  to  deal,  this 
may  be  neglected.  Its  effeqj;,  as  well  as  that  of  all  the 
other  resistances,  junctions,  contractions,  deposits,  &c., 
is  greater  in  pipes  of  small  bore  than  in  larger  ones. 

COEFFICIENTS  DUE   TO  THE   ORIFICE   OF  ENTRY.—- 

THREE   PROBLEMS. 

Unless  where  otherwise  expressed,  the  head  due  to 
the  velocity  and  orifice  of  entry  is  not  considered  in 
the  preceding  equations.  In  equation  (74),  where  it  is 
taken  into  calculation  generally, 

in  which  1  +  c^  is  equal  to  I  -  |  ,Cr  being  the  coefficient 

of  resistance  due  to  the  orifice  of  entry,  and  e,  the 
coefficient  of  velocity  or  discharge  from  a  short  tube. 
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K  the  tube  project  into  the  reservoir,  and  be  of  small 
thickness,  c^  will  be  equal  *715  nearly,  and  therefore 
c^  =z  -QSG ;  if  the  tube  be  square  at  the  junction,  the 
mean  value  of  Cy  will  be  '814,  and  therefore  c,  =  "508 ; 
and  if  the  junction  be  rounded  in  the  form  of  the  con- 
tracted vein,  Cy  is  equal  to  unity  very  nearly,  and  c, 
=  0.  For  other  forms  of  junction  the  coefficients  of 
discharge  and  resistance  will  vary  between  these  limits, 
and  particular  attention  must  be  paid  to  their  values 
in  finding  the  discharge  from  shorter  tubes  and 
those  of  moderate  lengths;   but  in  very  long  tubes 

1   +  c,  becomes  very  small  compared  with  Cf   x  -, 

and  may  be  neglected  without  practical  error.  These 
remarks  are  necessary  to  prevent  the  misapplication  of 
the  tables  and  formula,  2s  the  height  due  to  the  velo- 
city and  orifice  of  entry  is  an  important  element  in  all 
calculations  for  short  tubes. 

It  is  considered  unnecessary  to  give  any  formulse  for 
finding  the  discharge  itself,  because,  the  mean  velocity 
once  determined,  the  calculation  of  the  discharge  fi*om 
the  area  of  the  section  is  one  of  simple  mensuration  ; 
and  the  introduction  of  this  element  into  the  three 
problems  to  which  this  portion  of  hydraulic  engineering 
applies  itself,  renders  the  equations  of  solution  com- 
plexy  though  easily  derived ;  and  presents  them  with 
an  appearance  of  difficulty  and  want  of  simplicity 
which  excludes  them,  nearly  altogether,  from  practical 
application.    The  three  problems  are  as  follows  : — 

I.  Criven  the  fall,  lengthy  and  diameter  of  a  pipe  or 
hydraulic  mean  depth  of  any  channel,  to  find  the  dis- 
cliarge. 

K  2 
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Here  all  that  is  necessary  *  is  to  find  the  mean 
velocity  of  discharge,  which,  multiplied  by  the  area 
of  the  section  (equal  cP  X  '7854  in  a  cylindrical  pipe), 
gives  the  discharge  sought.  Table  YIII.. gives  the 
velocity  at  once  for  long  channels,  according  to  Du 
Buat,  or  it  can  be  found  fi-om  equation  (119a)  by  calcu- 
lation. Table  IX.  gives  the  discharge  in  cubic  feet 
per  minute  for  different  diameters  of  pipes,  and  veloci- 
ties in  inches  per  second,  when  found  from  Table 
VUI.,  or  formula  (119a).  See  also  Tables  XI.  and 
XII.    For  a  pipe  6  inches  in  diameter,  the  velocity 

PER  SECOND    is  PRACTICALLY  EQUAL    TO  THE    DISCHARGE 

IN  CUBIC  FEET  PER  MINUTE.     Scc  also  the  tables  at 
pp.  28,  29,  270,  and  271. 

II.  Given  the  discharge  and  cross  section  of  a 
channel^  to  find  the  fall  or  hydraulic  inclination. 

If  the  cross  section  be  circular,  as  in  most  pipes, 
the  hydraulic  mean  depth  is  one-fourth  of  the  diameter ; 
in  other  channels  it  is  found  by  dividing  the  water  and 
channel  line  of  the  section,  wetted  perimeter,  or 
border,  into  the  area.  The  velocity  is  found  by 
dividing  the  area  into  the  discharge,  and  reducing  it 
to  inches  per  second;  then  in  Table  VIII.,  under  the 
hydraulic  mean  depth,  find  the  velocity,  corresponding 
to  which  the  fall  per  mile  will  be  found  in  the  first 
column,  and  the  hydraulic  inclination  in  the  second. 
This  result  can  be  corrected  by  trial  and  error  to  accord 
with  formula  (119a),  and  the  table  for  the  values  of  r  s 
and  V,  p.  284,  calculated  from  it.  See  also  the  tables, 
pp.  28,  29,  270,  and  271. 

III.  Given  the  discharge,  length,  and  fall,  to  find 
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the  diameter  of  a  pipe,  or  hydraulic  mean  depth  and 
dimensions  of  a  channel. 

This  is  the  most  useful  problem  of  the  three. 
Assume  any  mean  radius  r^,  and  find  the  discharge  D|^ 
by  Problem  I.     Then  for  cyUndrieal  pipes 


S       5 ^  ,  D  ^ 


0 

and  as  r»,  d,  and  d^,  are  known,  r^  becomes  also  known, 
and  thence  r.  Table  XIII.  will  then  assist  to  find  r 
with  great  facility.  Thus,  if  r^  =  1  and  d»  was  found 
15,  D  being  88,  then 


l:r^::  l:-ii  1:  2*2,  therefore  r^  =  2*2 ; 

and  thence  by  Table  XIII.,  r  =  1'37,  the  mean 
radius  required,  four  times  which  or  5:48  is  the  diameter 
of  the  pipe.  For  other  channels,  the  quantity  thus 
found  must  be  the  hydraulic  mean  depth;  and  all 
channels,  however  varied  in  the  cross  section,  will  have 
the  same  velocity  of  discharge,  when  the^iedl,  length, 
and  hydraulic  mean  depth  are  constant*  If  r^  be  as- 
sumed EQUAL  TO    1^  INCH,  THE  VELOCrTY  FOUND  FROM 

Table  VIII.  will  then  be  the  discharge  in  cubic 
FEET  PER  MINUTE  NEARLY,  and  this  ''mean  radius" 
can  always  be  assumed  for  the  first  term  of  the  propor- 
tion.    See  also  the  tables,  pp.  28,  29,  270,  and  271. 

In  order  to  find  the  dimensions  of  any  polygonal 
channel  whatever,  which  will  give  a  discharge  equal  to 
D,  assume  any  channel  similar  to  that  proposed,  one  of 
whose  known  sides  is  s^,  and  find  the  corresponding 
discharge,  d^^,  by  Problem  I.,  or  from  Tables  XI.  and 
XII. ;  then,  if  the  like  side  of.  the  required  channel. 
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y  and  thence 

the  numerical  value  from  Table  XIII.  The  result 
can  be  corrected,  as  before,  to  accord  with  any  of  the 
formulse  by  the  method  of  trial  and  error. 

As  it  frequently  happens  that  deposits  in  and  encrus- 
tations on  a  pipe  take  place  from  time  to  time,  which 
diminish  the  flowing  section  considerably,  it  is  always 
prudent,  when  calculating  the  necessary  diameter,  to 
take  the  largest  coefficient  of  friction,  Cf,  or  to  double 
its  mean  value,  particularly  for  small  pipes,  when  cal- 
culating the  diameter  from  any  of  the  formulae  •  Some 
engineers,  increase  the  quantity  of  water  by  one-half 
to  find  the  diameter ;  but  much  must  depend  on  the 
peculiar  circumstances  of  each  case,  as  sometimes  less 
may  be  sufficient,  or  more  necessary.     The  discharge 

increases  in  similar  figures,  nearly  as  r*  or  as  d*,  that 
is,  as  the  square  root  of  the  fifth  power  of  the  diameter, 
and  the  corresponding  increase  in  the  diameter  for  any 
given  or  all^^ed  increase  in  the  discharge  can  be  easily 
found  by  means  of  Table  XIII.,  as  shown  above.  K 
the  dimensions  be  increased  by  one-sixth,  the  discharge 
will  be  increased  by  one-half  nearly ;  and  by  doubling 
the  dimensions  the  discharge  is  increased  in  the  pro- 
portion of  5f  to  1. 

For  shorter  pipes,  it  is  necessary  to  take  into  con- 
sideration the  head  due  to  the  velocity  and  orifice  of 
entry.  Taking  the  mean  coefficient  of  velocity  or 
discharge,  the  head  due  to  the  velocity  and  orifice  of 
entry,  if  it  be  known  is  foimd  from  Table  II. ;  this 
subtracted  from  the  whole  head,  h,  leaves  the  head,  hf, 
due  to  the  hydraulic  inclination,  which  is  that  to  be 
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made  use  of  in  Table  VIII.  If  the  velocity  be  not 
given,  it  can  be  found  approximately ;  then  the  head 
found  for  this  velocity,  due  to  the  orifice  of  entry, 
when  deducted,  as  before,  will  give  a  close  vdue  of  hf, 
from  which  the  velocity  may  be  determined  with 
greater  accuracy,  and  so  on  to  any  degree  of  approxi- 
mation. In  general,  one  approximation  to  hf  will  be 
sufficient,  imless  the  pipes  be  very  short,  in  which  case 
it  is  best  to  use  equation  (74).  Example  YIII.,  p. 
208,  and  the  explanation  of  the  use  of  the  tables, 
Section  I.,  may  be  usefully  referred  to. 

Tables  XI.,  XII.,  and  XTTT.  assist  to  solve  with 
considerable  fSeu^ility  all  questions  connected  with  dis- 
charge, dimensions  of  channel,  and  the  ordinary  surface 
inclinations  of  rivers.  The  discharge  corresponding 
to  any  intermediate  channels  or  falls  to  those  given  in 
Tables  XI.  or  XII.,  will  be  found  with  abundant 
accuracy,  by  inspection  and  simple  interpolation ;  and 
in  the  same  manner  the  channels  from  the  discharges. 
Rivers  have  seldom  greater  falls  than  those  given  in 
Table  XII.,  but  in  such  a  case,  it  is  only  to  divide 
the  fiedl  by  4,  then  twice  the  corresponding  discharge 
will  be  that  required.  Table  XIII.  gives  the  com- 
parative discharging  powers  of  all  similar  channels, 
whether  pipes  or  rivers,  and  the  comparative  dimen- 
sions from  the  discharges.  It  will  be  perceived  from 
it,  that  an  mcrease  of  one-third  in  the  dimensions 
doubles,  and  a  decrease  of  one-fourth  reduces  the 
discharge  to  one-half.  By  means  of  this  table,  and 
by  a  simple  proportion,  the  dimensions  of  any  given 
form  of  channel  when  the  discharge  is  known  can  be 
determined.  See  Example  17,  p.  17.  See  also  the 
tables  pp.  28,  29,  270,  and  271. 


248  THE  DISCHARGE  OF   WATER  FROM 

The  mean  widths  in  Tables  XI.  and  XII.  are 
calculated  for  rectangular  channels,  and  those  having 
side  slopes  of  1^  to  1.  Both  these  tables  are,  how- 
ever, practically,  equally  applicable  to  any  side  slopes 
from  0  to  1  up  to  2  to  1,  or  even  higher  when  the 
mean  widths  are  taken  and  not  those  at  top  or  bottom. 
A  semihexagon  of  all  trapezoidal  channels  of  equal 
area  has  the  greatest  discharging  power,  and  the  semi- 
square  and  all  rectangles  exactly  the  same  as  channels 
of  equal  areas  and  depths  with  side  slopes  of  1^  to  1. 
The  maximum  discharge  is  obtained  between  these 
for  the  semihexagon  with  side  slopes  of  nearly  ^  to  1, 
but  for  equal  areas  and  depths  the  discharge  decreases 
afterwards  as  the  slope  flattens.  The  question  of 
"how  much?"  is  here,  however,  a  very  important 
one ;  for,  as  already  pointed  out  in  equations  (28)  and 
(31),  the  differences  for  any  practical  purposes  may  be 
immaterial.  This  is  particularly  so  in  the  case  of 
channels  with  different  side  slopes,  if,  instead  of  the 
top  or  bottom,  the  mean  width  is  made  use  of  to 
calculate  from.  Then  it  is  only  to  subtract  the  ratio 
of  the  slope  multiplied  by  the  depth  to  find  the 
bottom,  and  add  it  to  find  the  top.  If  the  mean  width 
be  50  feet,  the  depth  5  feet,  and  the  side  slopes  2  to  1, 
then  50  —  (2  X  6)  =  40  for  the  bottom,  and  50  + 
(2x5)  =  60  for  the  top  width. 

Side  slopes  of  2  to  1  present  a  greater  difference 
from  the  mean  slope  of  1^  to  1,  than  any  others  in 
general  practice  when  new  cuts  are  to  be  made.  A 
triangular  channel  having  slopes  of  2  to  1,  and  bottom 
equal  to  zero,  differs  more  in  its  discharging  power 
from  the  half  square,  equal  to  it  in  depth  and  area. 
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than  if  the  bottom  in  each  was  equally  increased^  yet 
even  here  it  is  easy  to  show  that  this  maximum  differ- 
ence is  only  5^  per  cent.  If  the  bottom  be  increased 
so  as  to  equal  the  depth,  it  is  only  4|  per  cent. ;  when 
equal  to  twice  the  depth,  8*8  per  cent.;  and  when 
equal  to  four  times  the  depth,  to  2  per  cent. ;  while 
the  differences  in  the  dimensions  taken  in  the  same 
order  are  only  2*2,  1'8,  1*5,  and  O'S  per  cent.  For 
greater  bottoms  in  proportion  to  the  depth  the  differ- 
ences become  of  no  comparative  value.  It  therefore 
appears  pretty  evident,  that  Tables  XI.  and  XII.  wiU 
be  found  equally  applicable  to  all  side  slopes  from  0 
to  1  up  to  ^  to  1^  hy  taking  the  mean  vndths.  When 
new  cuts  are  to  be  made,  there  is  no  reason  whatever 
in  starting  from  bottom  rather  than  mean  widths,  to 
calculate  the  other  dimensions  ;•  indeed  the  necessary 
extra  tables  and  calculations  involved  ought  entirely 
to  preclude  us  from  doing  so.  Besides,  the  formulae 
for  finding  the  dischai^e  vary  in  themselves,  and  for 
different  velocities  the  coefficient  of  friction  also 
varies**  Added  to  which  the  inequalities  in  every 
river  channel,  caused  by  bends  and  unequal  regimen, 
preclude  altogether  any  regularity  in  the  working 
slopes  and  bottom,  though  the  mean  width  would 
continue  pretty  uniform  under  all  circumstances. 

*  The  coefficient  m  in  the  formula  v  =  m  (r  5)'  in  rivers  for  veloci- 
ties from  8  inches  to  8  feet  per  second,  varies  from  about  72  to  103  ; 
yet,  strange  to  say,  most  tables  are  calculated  from  one  coefficient 

alone ;  or,  rather,  from  a  formula  equivalent  to  94*17  (r  sy,  which 
gives  results  suited  to  a  velocity  of  16  inches  only.  Dimensions  of 
flifljiTiflU  calculated  by  means  of  this  formula  are  too  small  in  one  case, 
and  too  large  in  the  other.  In  pipes,  the  variation  of  the  coefficients 
is  shown  in  the  small  tables,  pp.  229  aud  231. 
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The  quantities  in  Table  XII.  are  calculated,  from 
the  velocities  found  from  Table  VIII.,  to  correspond 
to  a  channel  70  feet  wide  and  of  different  depths,  the 
equivalents  to  which  are  given  in  Table  XI.  .  In 
order  to  apply  these  tables  generally  to  all  open 
channels,  the  latter  are  to  be  reduced  to  rectangular 
ones  of  the  same  depth  and  mean  width,  or  the 
reverse,  as  already  pointed  out.  If  the  dimensions 
of  the  given  channel  be  not  within  the  limits  of 
Table  XI.,  divide  the  dimensions  of  the  larger 
channels  by  4,  and  multiply  the  corresponding  dis- 
charge found  in  Table  XII.  by  82;  for  smaller 
channels,  multiply  the  dimensions  by  4,  and  divide  by 
82.  In  like  manner,  if  the  discharge  be  given  and 
exceed  any  to  be  found  in  Table  XIII.,  divide  by  32, 
and  multiply  the  dimensions  of  the  suitable  equivalent 
channel  found  in  Table  XI.  by  4.  If  it  be  desirable  to 
find  equivalent  channels  of  less  widths  than  10  feet  for 
small  discharges,  multiply  the  discharge  by  32,  and 
divide  the  dimensions  of  the  corresponding  equivalent 
by  4.  Many  other  multipliers  and  divisors  as  well  as 
,  4  and  32  may  be  found  from  Table  XIII.,  such  as  3 
and  15-6,  6  and  88*2,  7  and  180,  9  and  243,  10  and 
316,  12  and  499,  &c.  The  differences  indicated  at 
pages  212  and  218,  must  be  expected  in  the  application 
of  these  rules,  which  will  give,  however,  dimensions  for 
new  channels  which  can  be  depended  on  for  doing  their 
duty.     The  Tables,  pp.  270,  271,  are  also  applicable. 

It  will  be  seen  from  Table  XIII.  that  a  very  small 
increase  in  the  dimensions  increases  the  discharging 
power  very  considerably.  Table  XII.  also  shows  that 
a  small  increase  in  the  depth  alone  adds  very  much  to 
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the  discharge.     If  in  this  latter  case  a  small  increase 

in  the  depth,  d,  be  expressed  by  — ,  then  it  is  easy  to 

n 

prove  that  the  corresponding  increase  in  the  velocity, 

V,  will  be  — -;  and  that  in  the  discharge  d,  - — ,  if 
2  n  2  w 

the  surface  inclination  continue  unchanged ;  but  as  it 
is  always  observable  in  rivers  that  the  surface  inclina- 
tions increase  with  floods,  the  differences  in  practice 
will  be  found  greater  than  these  expressions  make  it. 
As  in  a  large  river  the  surface  inclination  must  be  very 
small,  four  times  the  fall  will  add  very  little  to  the 
sectional  area ;  yet  this  increase  of  fall  would  double 
the  discharge,  and  thence  may  be  perceived  how  tribu- 
taries can  be  absorbed  into  the  maia  channel  without 
any  great  increase  to  its  depth. 


SECTION  IX. 

BEST  FORMS  OF  THE  CHANNEL. — ^REGIMEN. — VELOCITY. 

EQUALLY  DISCHARGING  CHANNELS. 

The  determination  of  the  hydraulic  mean  depth 
does  not  necessarily  determine  the  section  of  the 
channel.  If  the  form  be  a  circle,  the  diameter  is  four 
times  the  mean  radius;  but,  though  this  form  be 
almost  always  adopted  for  pipes,  the  beds  of  rivers 
take  almost  every  curvilineal  and  trapezoidal  shape. 
Other  things  being  the  same,  that  form  of  a  river 
channel,  in  which  the  area  of  the  cross  section  divided 
by  the  border  is  a  maximum,  is  the  best.     This  is  a 
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semicircle  having  the  diameter  for  the  sm&ce  line, 
and  in  the  same  manner,  half  the  regular  figures,  an 

octagon,  hexagon,  and 
square,  in  Fig.  88,  are 
better  forms  for  the 
channel,  the  areas  and 
side  slopes  being  con- 
stant, than  any  others 
of  the  same  nmnber  of 
sides.  Of  all  rectangular  channels.  Diagram  4,  in 
which  A  B  c  D  is  half  a  square,  is  the  best  cross  section ; 
and  in  Diagram  8,  a  c  d  b,  half  a  hexagon,  is  the  best 
trapezoidal  form  of  cross  section.  When  the  width 
of  the  bottom,  c  d,  Diagram  8,  is  given,  and  the  slope 

=  n,  then,  in  order  that  the  discharge  may  be  the 


A  a 


G  a 

greatest  possible, 


c  a 


=  { 


C  D  = 


2  (n«  +  l)i 
—  71  X  c  a 


-V 


and 


c  a 


in  which  a  is  the  given  area  of  the  channel.  As,  however, 
a  river  has  never  been  known  in  which  the  slope  of  the 
natural  banks  continued  uniform,  even  although  made 
so  for  any  improvements,  it  is  not  necessary  to  give 
tables  for  different  values  of  n.  If,  notwithstanding, 
<^  be  put  for  the  inclination  of  the  slope  a  c,  equal  angle 

c  A  a ;  then  as  cot.  </>  =  n,  and  n/ n*~+~i  =  ~ » 

sm.  ^ 

the  foregoing  equations  become 
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(120.)      ca==   j-^^^H^P  = 5-^^- 

12  -  COS.  <^)         2  {(n^  +  l)i  -  n}; 

and 

(121.)  CD=:  —  —  ca  X  cot.  </>,* 

G  a 

which  will  give  the  hest  dimensions  for  the  channel 
when  the  angle  of  the  slope  for  the  banks  is  known. 

When  the  discharge  from  a  channel  of  a  given  area, 
with  given  side  slopes,  is  a  maximum,  it  is  easy  to 
prove  that  the  hydraulic  mean  depth  must  be  half 
OF  the  central  or  greatest  depth.     This  simple 
principle  gives  the  construction  of  the  best  form  of 
channel  with  great  fftcility.    Describe  any  circle  on  the 
drawing-board ;  draw  the  diameter  and  produce  it  on 
both  sides f  outside  the  circle;  draw  a  tangent  to  the 
lower  circumference  parallel  to  this  diameter ,  and  draw 
the  side  slopes  at  the  given  inclinations^  touching  the 
circumference  oho  on  each  side  and  terminating  on  the 
parallel  lines:  the  trapezoid  thus  formed  will  be  the 
best  form  of  channel,  and  the  width  at  the  surface  iviU 
be  equal  to  the  sum  of  the  two  side  slopes.    It  is  easy  to 
perceive  that  this  construction  may  be,  simply,  extended 
for  finding  the  best  form  of  a  channel  having  any  poly- 
gonal border  whatever  of  more  sides  than  three  and  of 
given  inclinations. 

Commencing  with  the  best  discharging  form  of 
channel,  which  in  practice  will  have  the  mean  width, 
about  double  the  depth ;  an  equally  discharging  section 
of  double  the  width  of  the  fii*st  will  have  the  contents 

*  When  c  D  =  o.    The  channel  is  triangnlar ;  and  a  =  c  a'  x  cot  ^ 

and  ca=r  ( -^\^. 
Voot.  0/ 
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one-eleyenth  greater,  and  the  depth  less  in  the  pro- 
portion of  1  to  1*85.  A  channel  of  double  the  mean 
width  of  the  second  must  have  the  sectional  area  further 
increased  by  about  one-fifth,  and  a  further  decrease  in 
the  depth  from  1*67  to  1  nearly.  The  greater  expanse 
of  the  excavation  at  greater  depths  will,  in  general, 
more  than  counterbalance  these  differences  in  the 
contents  of  the  channel.  When  the  banks  rise  above 
the  flood  line,  and  are  unequal  in  their  section,  the 
wider  channel  involves  further  upper  extra  cutting, 
but  there  is  greater  capacity  to  discharge  extra  and 
extraordinary  flooding,  the  banks  are  less  liable  to 
slip  or  give  way,  the  slopes  may  be  less,  and  the 
velocity  being  also  less,  the  regimen  will,  in  general, 
be  better  preserved.  The  table  of  equally  discharging 
channels,  p.  270,  will  afford  the  means  of  calculating 
the  difference  of  the  cubical  contents. 

When  the  sectional  area  is  given,  the  following 
table  shows  that  the  semicircle  is  the  best  discharging 
channel,  and  the  complete  circle  the  worst ;  the  latter 
is  so,  however,  only  compared  with  the  open  channels 
given  in  the  table,  it  being  the  best  form  for  an  enclosed 
channel  flowing  full.  The  best  form  of  an  open  channel 
is  particularly  suited  for  new  cuts  in  flat,  marsh, 
callow,  and  fen  lands,  in  which  it  is  also  often  advis- 
ahh  to  cut  them  with  a  level  bed,  up  from  the  dis- 
changing  point,  in  order  to  increase  the  hydraulic 
mean  depth,  and  consequently  the  velocity  and  dis- 
charge. 

As  the  quantity  of  water  coming  down  a  river 
channel  in  a  season  varies  very  considerably, — the 
author  has  observed  it  in  one  case  to  vary  from  one  to 
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thirty,  and  occasioiiaJly  in  the  same  channel  &om  one 
to  seventy-five, — the  proportion  of  the  water  section 
to  the  channel  itself  muBt  also  vary,  and  those  rela- 
tions of  the  depth,  sides,  and  width  to  each  other, 
above  referred  to,  cease  to  hold  good,  and  be  the  best 
under  auch  circumstances.  If  the  object  be  to  con- 
stmet  a  mill-race,  temporary  drain  for  unwateiing  a 
river,  or  other  small  channel,  in  which  the  depth 
remains  nearly  constant,  channels  of  the  form  of  a 
half  hexagon,  diagram  8,  Fig.  33,  will  be,  perhaps,  the 
best,  if  the  tenacity  of  the  banks  permit  the  slope ; 
but  rivers,  in  which  the  quantity  of  water  varies  consi- 
derably, require  wider  channels  in  proportion  to  the 
depth ;  and  also,  that  the  velocity  he  so  proportioned 
to  the  tenacity  of  the  soil,  or  as  it  is  termed  "  Uie 
regimen,"  that  the  banks  and  bed  shall  not  vary  from 
time  to  time  to  any  injurious  extent,  and  that  any 
deposits  made  daring  their  summer  state,  and  during 
light  freshes,  shall  be  carried  off  periodically  by 
floods.  Another  circumstance,  also,  modifies  the 
effects  of  the  water  on  the  banks.  It  is  this,  that  at 
curves,  and  turns,  the  current  acts  with  greatest  effect 

n|  against  the 
bank,  concave 

'  to  the  direc- 
tion in  which 
it  is  moving ; 
deepening  the 

J  channel  there; 
undermining  also  the  bank,  as  at  a.  Fig.  84;  and 
raising  the  bed  to  the  opposite  side  b.  The  reflection 
of  the  current  to  the  opposite  bank  &om  i,  acts  also 
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in  a  similar  manner^  lower  down,  upon  it;  and  this 
natural  operation  proceeds,  until  the  number  of  turns, 
increased  length  of  channel,  and  loss  of  head  from 
reflexion  and  unequal  depths,  bring  the  currents  into 
regimen  with  the  material  in  the  bed  and  banks.  At 
all  bends  it  is,  therefore,  prudent  to  widen  the  channel 
on  the  convex  side  b,  and  protect  the  concave  side  a. 
Fig.  84,  in  order  to  reduce  the  velocity  and  its  effects ; 
and  if  the  bed  be  here  also  sunk  below  its  natural 
inclination,  as  it  may  be  seen  in  most  rivers  at  bends, 
the  velocity  will  be  farther  reduced,  and  the  per- 
manence of  the  bed  better  established. 

The  circumstances  to  be  considered  in  deciding  on 
the  dimensions  and  fall  of  a  new  river  course,  after  the 
depth  to  which  the  surface  of  the  water  is  to  be 
brought  has  been  decided  on,  are  the  following : — 

The  mean  velocity  must  not  be  too  slow,  or  aquatic 
plants  will  grow,  and  deposits  take  place,  reducing 
the  sectional  area  until  a  new  and  smaller  channel  is 
formed  within  the  first  with  just  sufficient  velocity 
to  keep  itself  clear.  This  velocity  should  not  in 
general  be  less  than  firom  ten  to  fourteen  inches  per 
second.  The  velocity  in  a  canal  or  river  is  in- 
creased very  considerably  by  cutting  or  removing 
reeds  or  aquatic  plants  growing  on  the  sides  or 
bottom.* 

*  "  H.  Girard  a  &it  observer,  avec  raison,  que  les  plantes  aquatiques, 
i^oi  doiflBent  toujonrs  snr  le  fond  et  stir  les  berges  des  cananz,  aog- 
mentent  conaid^blenient  le  perimdtre  mouill^  et  par  suite  la  r^dst- 
ance ;  0  a  rapell^  que  Da  Bu&t,  ayant  xnesar^  la  vitesse  de  Teaa  dans 
le  canal  da  Jard,  avant  et  apr^  la  ooape  des  roseaux  dont  il  ^tait  garni, 
avaat  troay^  on  lesoltat  bien  moindre  avant  qa*aprds.  £n  cons^aence, 
il  a  piwqoe  doubU  la  pente  donn<e  par  le  calciil    .    .    ."— Tralt6 
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The  mean  velocity  must  not  be  too  quick,  and 
should  be  so  detennined  as  to  suit  the  tenacity  and 
resistance  of  the  channel,  otherwise  the  bed  and 
banks  will  change  continnally,  unless  artificially  pro- 
tected ;  it  should  not  exceed 

26  feet  per  minute  in  soft  allimal  depodts. 


^0 

cUyey  beds. 

80        „ 

sandy  and  silty  beds. 

120        „ 

giayelly. 

180        „ 

strong  grayeUy  shingle. 

240        „ 

shingly. 

800        „ 

» 

shingly  and  rocky. 

400  and  i 

cipwardB 

in  rocky  and  shingly.  * 

d'Hydranlique,  p.  135.  When  the  fall  does  not  exceed  a  few  inches 
per  mile,  the  velocity,  as  determined  from  the  inclination,  isveiy 
uncertain,  and  for  this  reason  it  is  always  pradent  to  increase  the 
depths  and  sectional  areas  of  channels  in  flat  lands,  as  fiur  as  the 
regimen  will  permit  In  snch  cases  the  section  of  the  channel  should 
approximate  towards  the  best  form.    See  pp.  192  and  255. 


*  TABLE  or  yKLoamjBB  or  aom  Monxa  bodiis  oovkabid  wira  thosb  or 


Objects  in  motion. 


Cuzrent  of  slow  ilTers  . 

Corrents  of  ordinary 
riTers  up  to 

Currents  of  rapid  riyera 

Man  walking    .       .    . 

Horss  trottlnff 

Swiftest  raae-norsa  .    . 

Moderate  winds   . 

Storms  •       •    • 

Huirlcsnes    . 

Swift  English  steam- 
boats navigating  the 
ohannels  .    . 

Swift  American  ilver 
steamers 

Fast  sailing  vessels  .    . 

Railway  trains,  English 
American 
Belgian. 
French. 


it 

9* 


«f 


r» 


•> 


3 
7 

60 

7 

36 

80 


14 

18 
12 
32 
18 
26 
27 


u 


I 

88 

104 

62} 

117i 

20i 
47 


«* 


Ob()ects  in  motiOD. 


Railway  trains,  German 

Bound  whenatmosphers 
is  at  82«  F^dir.    . 

Ditto  60«>  Fahr.         .    . 

Air  rushing  into  vacuum 

Ditto  whfloi  the  baro- 
meter standi  at  30 
inches. 

Oommon  musket-ball  . 

Rifle-ball  .... 

Cannon-ball  . 

Bullet  discharged  fh>m 
air-gun,  air  being 
eompreesed  Into  the 
hundredth  part  of  its 
volume  .... 

A  point  on  earth's  sur- 
face at  the  equator 
moving  round  the  axis 

Earth  moving  round  sun 


24 

743 
765 
850 


917 

850 

1,000 

1,091 


477 


1,040 
68,182 


S3i 

1,090 
1,122 
1,247 


1,344 
1,247 
1,467 
1,600 


roo 


1,525 
100,000 
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A  velocity  of  180  feet  per  minute  will  remove 
angular  stones  the  size  of  an  egg.  Mr.  Phillips, 
under  the  Metropolitan  Commissioners  of  Sewers, 
states  that  2^  feet  per  second,  or  150  feet  per  minute, 
is  sufficient  to  prevent  soU  depositing  in  sewers. 

The  fall  per  mile  should  decrease  as  the  hydraulic 
mean  depth  increases,  and  hoth  he  so  proportioned 
that  floods  may  have  sufficient  power  to  carry  off  the 
deposits,  if  any,  periodically.  The  proportion  of  the 
width  to  the  depth  of  the  channel  should  not  be 
derived,  for  new  cuts  or  river  courses,  from  any 
formula,  but  taken  from  such  portions  of  the  old 
channel  as  approximate  in  depth  and  in  the  inclina- 
tion of  the  surface  to  that  proposed.  When  the 
depth  is  nearly  half  the  width,  the  formula  shows, 
cateris  paribus,  that  the  discharge  will  be  a  maximum; 
but  as  (altogether  apart  from  the  question  of  expense) 
the  quantity  of  water  discharged  daily,  at  different 
seasons,  may  vary  from  one  to  seventy,  and  more,  and 
*^ the  regimen"  has  to  be  maintained,  the  best  pro- 
portion between  the  width  and  depth  of  a  new  cut 
should  be  obtained,  as  stated,  from  some  selected 
portion  of  the  old  channel,  whose  general  circum- 
stances and  surface  inclination  approximate  to  those 
of  the  one  proposed ;  and  the  side  slopes  of  the  banks 
must  be  such  as  are  best  suited  to  the  soil.  The 
resistance  of  the  banks  to  the  current  being  in  general 
less  than  that  of  the  beds,  which  get  covered  with 
gravel,  and  the  necessary  provision  required  for  floods, 
appears  to  be  the  principal  reason  why  rivers  are  in 
general  so  very  much  wider  than  about  twice  the 
depth,  the  relation  which  gives  the  minimum  of  friction.. 

8  2 
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The  following  Table  is  given  by  Rennie,  as  an 
approximation,  generally,  to  the  actual  state  of  rivers.* 
The  surface  inclinations,  however,  given  in  this  table 
for  the  first  and  second  classes,  are  very  considerable 
for  large  rivers,  and  would  give  velocities  which  would 
effectually  scour  them.    For  a  hydraulic  mean  depth 

of  12  feet,  the  velocity,  with  a  fall  of   c^^^>   would  be 

2  feet  8  inches  per  second  by  Du  Buat's  formula ;  and 
8 '8  feet  per  second  by  our  formula.  The  description^ 
therefore,  can  only  apply  to  smaller  channels.     In 

fact,  4  inches  to  a  nule,  or  ^^,  is  a  considerable  in- 

clination  for  a  large  river.  From  Carrick-on-Shannon 
to  Killaloe,  a  distance  of  110  miles,  the  average  fall  is 
only  about  4  inches  per  mile  on  the  river  Shannon ; 
and  the  portion  between  Athlone  and  the  river  Suck 
below  Shannon  bridge  the  fall  varies  from  *7  to  l^inch 
per  mile.  The  Table  of  the  "  Falls  on  the  Shannon" 
(p.  262)  explains  practically  the  defects  in  Bennie's 
Table,  or  of  any  tabular  arrangement  that  omits  the 
size  and  hydraulic  mean  depth  of  the  river  channel. 
The  mean  velocity  and  quantity  flowing  remaining  the 
same,  the  hydraulic  mean  depth  increases  as  the  sur- 
face inclination  decreases,  and  in  the  same  ratio.  The 
increase  of  surface  inclination  and  of  velocity  are  the 
indices  of  obi^tructions  in  the  channel,  with  this  differ- 
ence, that  the  obstructions  are  caused  by  the  velocity 
where  the  surface  inclination  is  generally  steep ;  bat 
the  obstructions  cause  the  increase  of  velocity  where 
the  inclination  is  generally  flat. 

*  Report  to  tbe  British  Association,  1884 
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Channels  wherein  the  resist- 
ance from  the  bed,  and  other 
obstacles,  equal  the  quantity  of 
current  acouired  from  the  de- 
clivity ;  so  tnat  the  waters  would 
stagnate  therein,  were  it  not  for 
the  compression  and  impulsion 
of  the  upper  and  bac^  waters  . 


Ist. 


Artificial  canals  in  the  Dutch )  n   i 
and  Austrian  Netherlands    .    .  ( 


i 


Bivers  in  low,  fiat  coxmtries,  \ 
full  of  turns  and  windings,  and  | 
of  a  very  slow  current,  subject  >  3rd. 
to  frequent  and  lasting  inunda-  ( 
tions j 


Rivers  in  most  countries  that  \ 
are  a  mean  between  flat  and/ 
hilly,  which  have  good  currents,  I  ^. . 
but  are  subject  to  overflow ;  also  T      ' 
the  upper  parts  of  rivers  in  flat  I 
countries    .  •     •  J 


Bivers  in  hilly  countries  with  \ 
a  strong  current,  and  seldom/ 
subject  to  inundations;  also  &11 1  cfv 
rivers  near  their  sources  have  A 
this  declivity  and  velocity,  and  \ 
offcenmuchmore     .        .        .) 


li 


2* 


0- 


180 


120 


80 


55 


Bivers  in  mountainous  coun-  \ 
tries  having  a  rapid  current  and  r  ^^ 
rtrucht  course,  and  veiy  rarely  I       ' 
overnowmg  •     •  / 


Bivers  in  their  descent  from  \ 
among  mountains  down  into  the  f  ^^ 
plains  below,  in  which  plains  ( 
they  run  torrent-wise  .  ) 


6i 


10 


15 


19000 


14 


Tobo 


8 


sjbu 


6 


idbs 


4S 


2ii 


40 


30 


rin 


3j 


Absolute     torrents     among)  g^^^ 
I  mountains \       ' 


8 


24 


50 


siys 


2i 


15 


80 


1700 
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FALLS  THE  22nD  ATTOUST,  1861  (bY  MB.  BATEMAN),  OK  THE  SHAimON 
BETWEEN  ATHLONE  AND  YICTOBIA  LOCK,   MEELICK. 

Report,  May,  1883. 


Height  orar 

upper  alll 
of  Victoria 

FalL 

Diabmee. 

FaUper 

Lock. 

ft.    in. 

ft.    in. 

miles 

inehea 

Athlone 

16     2 

•  • 

•  ■ 

•  • 

ShannoD  bridg* . 

14     8 

1     6 

14* 

1-283 

Banacrher       .... 

12     8 

2      5 

3 

8*411 

Victoria  Tiock,  Meelick 

8    10 

8      5 

9111 

NATURAL  FALLS  ON  THE  RIVER  SHANNON  (BY  MR.   LYNAM). 

Beport,  April,  1887. 


Names  of  Places. 


From  Garrick  on  Siannon  to  Jamestown 
Bridge 

Thence  to  Jamestown  Weir 

Fall  oyer  Jamestown  Weir  . 

Thence  to  Albert  Look 

Thence  to  the  head  of  Roosky  Fall 

Thenco  to  Rooeky  Weir    . 

Fall  OTcr  Rooskv  Weir . 

From  Rooeky  Weir  to  Tarmonbany  Weir 

Fall  OTer  Taimanbairy  Wdr 

From  Tarmonbany  Weir  to  Lanesboro 

Thenoe  to  Athlone,  head  of  the  Fall    . 

Thence  to  the  Weir   .... 

Fall  OTer  Athlone  Weir 

/'Prom  Athlone  Weir  to  River  Sock. 
Thence  to  Banagher   .... 

1  Tbence  to  Oounaellor's  Ford  • 

]  Thence  to  Meellck  Weir     . 
Fall  oTer  Meelick  Navigation  and  Eel 

I    Weirs 

From  Meelick  to  Portumna 

Thence  to  KiUaloe  Pier  head    • 

Thence  to  Kfllaloe  Weir  head 

FaU  over  KUlaloe  Weir  at  the  head, 
2  ft.  ein. 

Fall  over  Kfllaloe  Weir  at  the  lower 
end,  8  ft.  8  in 

Thence  to  Killaloe  Bridge 


;} 


Total 

In  river      ....... 

Additional  fldl  at  Tarmonbany  left  out 
above  to  ault  the  heights  of  the  water 
there 


I. 


Whole  fall 


FallB. 


In  the 
river. 


ft.  In. 

0  9 

1  0 

•  • 

1  11 
0    2i 

0  6 

•  • 

8    6 

■  • 

1  8 
0  8 
0    4 


0  10^ 

1  lU 

0  9 

1  1 


e 


ft.  in. 


2    4 


1 

■ 

5 


6 

» 

0 


2    4 


0    7 
0    5i 
0    8 


1    1 


16    9 


6    8 


2    9 


21    0 
15    9 


1    1 


87  10 


mUes 


t 


•  • 

•  ■ 

174 
2 

•  • 

18 

8 
2 

2 

\ 

8 

28} 
i 


111 


Fan  per 
mile. 


inohea 

1-84 
8-00 

6-57 
0*36 
4*00 

4*00 

2-07 
017 
2-00 


6-60 


•  » 


She  laU  from  Ktllaloe  to  Limerlek  is  about  97  feet  in  about  16  miles. 
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The  following  information  with  reference  to  the  Bnr« 
fiice  inclinations  of  the  Thames,  is  also  from  Bennie's 
Beport  on  Hydraulics,*  as  a  branch  of  engineering 
science. 


Names  of  places 

Length. 

FalL 

FkUin 

feet  per 

mile. 

Bado 

tlODS. 

From  LeehlAde  at  St  John's 

Bridge  to  Oxford  at  Folly 

BridffQ                .        .    . 
From  Oxford  to  Abingdon 

Bnd£[6     .        •        .        • 
From  Abingdon  to  Walling* 

ford  Brioge.        .        .     . 
From  Wallingford  to  Bead- 
ing Bridge 
From   Beading  to   Henley 

Bridge                        •    • 
From    Heoley    to  Marlow 

Bzidge    .        •        •        • 
From  Marlow  to  Maidenhead 

Bridge        •                •    • 
From  Maidenhead  Bridge  to 

Windsor  Bridge 
From  Windsor  to  Staines 

Bridge                .        .    . 
From   Staines  to  Chertsey 

Bridge     .... 
From  Chertsey  to  Tedding- 

ton-Lock            ... 
From   Teddington-Lock  to 

London  Brioge 
From   London  to  Yantlet 

Greek 

From  Tiftchlftde  to  Yantlet 

Creek     •       •       •        . 

Deduct.       .        .    . 

From  Lechlade  to  London  • 

mUes  far. 

28    0 

9    0 

14    0 

18  0 
9    0 
9    0 
8    0 

7  0 

8  0 
4    6 

13    6 

19  0 
40    0 

liMt  in. 

47    0 

18  11 
27    4 
24    1 

19  3 
12    2 
16    1 

18  6 
15    8 

6    6 

19  8 
2    9 
2    1 

1-68 
1-73 
1-96 
1-31 
214 
1-86 
1-86 
1-93 
1*96 
1*44 
1-45 
•145 
'062 

t.tVt 

TfTfTT 

t.At 

186    4 
40    0 

218    0 

146    4 

For  enclosed  channels,  the  circular  form  of  sewer 

*  Beporti  for  1884^  of  the  British  Associaticni. 
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will  have  the  largest  scouring  power,  at  a  giyien 
hydraulic  inclination.  For  then  the  area  of  the  sections 
b^ing  the  same,  the  velocity  in  the  circular  channel 
will  be  a  maximum.  When  the  supply  is  intermit- 
tent,  and  the  channel  too  large,  the  egg-shaped  form 
with  the  smaller  end  for  the  bottom, — or  the  sides 
vertical  with  an  inverted  ridge-tile  or  Y  bottom  for 
.drains, — ^will  have  a  hydrostatic  flushing  power  to 
remove  soil  and  obstructions,  which  a  cylindrical 
channel,  only  partly  full,  does  not  possess ;  because 
a  given  quantity  of  water  rises  higher  against  the  same 
obstruction,  or  obstacle,  to  the  flow  in  the  pipe.  It 
must  be  confessed,  however,  that  for  small  drains  and 
house-sewage,  this  gain  is  immaterial,  and  is  at 
best  but  effected  by  a  sacrifice  of  space,  material,  and 
friction  in  the  upper  part  of  drains,  from  6  to  12  inches 
in  diameter.  Besides  this,  the  mere  hydrostatic  pres- 
sure is  only  intermittent,  and  during  an  ordinary,  or 
heavy,  fall  of  rain,  the  hydrodynamic  power  is  always 
more  efficient  in  scouring  properly-proportioned  cylin- 
drical drains ;  and  the  workmanship  in  the  form  and 
joints  is  less  imperfect  than  for  more  compound  forms, 
as  those  with  egg-shaped  and  inverted  tile  bottoms. 
The  moulds  and  joints  of  cylindrical  stone-ware  drains, 
exceeding  12  inches  in  diameter,  are  seldom,  however, 
in  large  quantities  perfect;  and  the  expense  would 
exceed  that  of  brick,  stone,  or  other  sufficient  drains 
in  many  localities. 

As  to  the  increased  discharging  power  which  it  is 
asserted  by  some,  stone-ware  cylindrical  drains  pos- 
sess over  other  ordinary  drains,  no  doubt  it  is  true  for 
small  sizes,  because  the  form,  jointing,  and  surface  are 
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in  general  more  smooth  and  circular ;  and  for  sewage 
matter,*  the  friction  and  adherence  to  the  sides  and 
bottom  is  less;  any  advantage  from  these  causes 
becomes,  however,  immaterial  for  the  larger  sizes,  as 
these  can  be  constructed  of  brick  or  stone  abundantly 
perfect  to  any  form,  and  sufficiently  smooth  for  all 
practical  purposes,  for  in  the  larger  properly-propor- 
tioned sizes  the  same  amount  of  surface  roughness 
opposed  to  the  sewage  matter  is,  comparatively,  of  no 
effect.  The  judicious  inclination  and  form  of  the 
bottom,  and  properly  curved  jimctions,  are  the  principal 
points  to  be  attended  to.  Smaller  drains  tile-bottomed, 
with  brick  or  stone  sides,  and  flat-covered,  have  one 
great  advantage  over  circular  pipes,  f  They  can  be 
opened  up,  for  examination  and  repairs  at  any  time 
with  facility,  and  at  the  smallest  expense ;  but  greater 
certainty  must  be  attached  to  the  working  of  small 
stone-ware  drains  than  to  equally-sized  small  brick  or 
stone  drains,  and  they  will  be  found,  in  general, 
also  cheaper.  This,  however,  depends  on  the 
locality. 

It  may  be  observed  in  numerous  experiments,  that 


*  Weisbacli  found  the  coefficient  of  resistance  1  '75  times  as  great  for 
small  wooden  as  for  metallic  pipes.  All  permeable  pipes  present  greater 
resistance  than  impermeable  ones;  hence  the  principle  advantage 
derived  from  glazing. 

f  Half-socket  joints  at  bottom  would  remedy  this  imperfection  in 
small  pipes,  and  they  could  be  better  laid  and  cemented.  A  semi- 
circular flange  laid  on  at  top  would  effectually  protect  the  joint  on  the 
upper  side.  Latterly  Doulton  has  cut  off  an  upper  segment  from  the 
pipe,  which  can  be  removed  for  cleaning.  And  it  may  be  demon- 
strated, that  when  this  is  a  segment  of  78^  degrees,  the  lower  portion 
will  discharge  more  than  a  fuU  pipe  at  the  same  inclination. 
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water  flowing  &om  r  pipe  does  not  entirely  fill  the 
orifice  of  exit,  when  the  velocities  are  not  considerable, 
and  yet  the  results  are  found  to  be  but  slightly  affected 
if  a  little  more  than  three-fourths  of  the  circum- 
ference be  fiilL  It  is  easy  to  demonstrate  that  the 
full  circle  does  not  give  the  maTimnm  dischar^ng 
velocity  as  has  been  generally  believed,  but  when 
Yja  ^^  filled    to    the    height  of 

the  chord  a  o  of  arc  aee 
of  78}  degrees,  and  i^ere 
the  velocity  is  9^  per 
cent,  over  that  due  to  the 
full  circle,  for  then  the 
area  adc  . 


arc   ad  € 

and  the  length  of  the  arc 
adcis  equal  to  the  tangent 
of  the  supplemental  arc 
ae  c,as  may  be  without  difficulty  demonstrated.  The 
hydraulic  mean  depths  of  the  circle  and  larger  s^ment 
are  to  each  other  as  '6  to  '6,  and  their  square  roots, 
which  are  as  the  velocities  or  scouring  powers,  are  as 
1  to  1'095.  The  discharging  powers  are  to  each  other 
as  1  X  3-1416  to  1*095  x  2-946,  or  as  1  to  1-026, 
which  shows  that  the  segment  ade  has  also  a  greater 
discharging  power  than  the  whole  circle  of  nearly 
three  per  cent.  These  facts,  which  were  first  pointed 
out  by  the  author,  are  not  unimportant  in  matters 
connected  with  drain-pipes  and  sewerage.  The  effects 
of  greater  velocity  and  discharge  here  pointed  oat,  are 
sometimes  increased,  in  short  pipes,  from  the  MI 
between  the  surface  a  c,  and  the  surfsice  firom  which 
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the  head  is  measured^  beiug  greater  than  the  fall 
to  the  top  of  the  pipe  at  e,  or  from  the  inclination  of 
the  surface  of  the  water  in  the  pipe  being  greater  than 
the  inclination  of  the  pipe  itself. 


EQUALLY  DISCHABGINa  CHANNELS. 

In  order  that  different  channels  should  have  the 
same  discharging  power,  the  inclination  of  the  surface 
being  the  same,  the  areas  must  be  inversely  as  the 
square  roots  of  the  hydraulic  mean  depths.  The 
channel  adcB,  Fig.  85,  will  have  the  same  discharge 
as    the    channel  a  d  c  b  if  they  be  to  each    other 

f  ADCB  lixf  a  d  CB 

as  -{ 

(.  AD  +  D  c  + 


C  B 


}'M.- 


d  +  d  c  +  CB 


}'. 


and  hence  the  square  root  of  the  cube  of  the  channel 
area,  divided  by  the  border,  must  be  constant.  With 
a  fSEJl  of  one  or  more  feet  to  a  mile,  two  channels,  one 
70  feet  wide  and  1  foot  deep,  and  the  other  20  feet 
wide  and  2^  feet  deep,  will  have  the  same  discharge. 
If  ti'  be  put  for  the  width  and  d  for  the  depth  of  any 
rectangular  channel,  then 

3 ,    .  ,    >    =  m;  and  thence  the  cubic  equation 

i  w  +  2d   ) 

(122.)  d»  — ^d  =  ^ 

to'  w' 
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for  finding  the  depth  d  of  any  other  rectangulai* 
channel  whose  width  is  w^  of  the  same  discharging 
power.  The  depths  d  for  different  widths  of  channel 
have  been  calculated  from  this  equation,  assuQiing  a 
width  of  70  feet  and  different  depths  to  find  m  from. 
The  results  are  given  in  Table  XI.,  which  will  be 
found  sufficiently  accurate  for  all  practical  purposes, 
when  the  banks  are  sloped,  by  taking  the  mean  width. 
This  table  is  equally  applicable  to  any  measures  what- 
ever, to  their  multiples,  and  sub-multiples. 

If  the  hydraulic  inclinations  vary,  then  the  V  r  « 
must  be  inversely  as  the  areas  of  the  channels  when 

\/  r  8  X  channel  or  the  discharge  is  constant ;  and  ii' 
the  area  of  the  channel  and  discharge  be  each  constant, 
r  must  vary  inversely  as  a ;  and  r  s  he  also  constant. 
For  instance,  a  channel  which  has  a  fall  of  four  feet 
per  mile,  and  a  hydraulic  mean  depth  of  one  foot,  will 
have  the  same  discharge  as  another  channel  of  equal 
area,  having  a  hydraulic  mean  depth  of  four  feet,  and 
a  fall  per  mile  of  only  one  foot.  If  in  Table  XII. 
the  same  discharge  be  taken  from  the  columns  for 
different  inclinations,  the  mean  rectangular  dimensions 
corresponding  to  them  in  the  first  column  j  will  be 
found,  and  thereby  an  engineer  be  enabled  to  select 
an  equally  discharging  channel  from  Table  XI., 
suited  to  an  increase  or  decrease  of  the  hydraulic 
inclination.* 

The  next  table  at  p.  270,  of  equally  discharging 

*  Tables  by  the  Author  similAr  to  ntunbers  XI.,  XII.,  and  XIII. 
but  on  a  much  more  extended  scale,  have  been  printed  and  published 
on  a  separate  sheet  for  office  use,  and  may  be  had  from  the  pub- 
lisher. 
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river  channels,  with  a  primary  channel  having  a  mean 
width  of  100,  instead  of  70,  as  in  Table  XI.  has  been 
calculated ;  and  in  the  table  at  p.  271  are  given  the 
discharges  at  different  inclinations  &om  this  new 
primary  channel,  to  find  those  from  its  equivalents. 
The  tables  at  pp.  28,  29,  271,  and  Table  VIII., 
have  also  been  calculated  from  Du  Buat's  formula. 
For  slow  velocity  of  only  a  few  inches  per  second, 
the  dimensions  should  be  increased  by  about  one-sixth, 
and  the  discharges  by  about  one-haK. 

With  reference  to  pipes,  it  is  apparent  that  a  given 
depth  of  roughness  or  contraction  arising  from  any 
cause  will  have  a  greater  effect  the  smaller  the  diameter 
becomes.  Now  in  practice,  it  is  necessary  to  increase 
the  diameter  beyond  what  is  found  by  calculation. 
For  small  service  pipes  half-an-inch  is  the  smallest 
diameter  in  general  use.  For  mains  and  sub-mains 
the  value  of  c  in  equation  (74b),  or  at  p.  196,  should 
at  least  be  doubled,  or  the  discharge  taken  at  one  and 
a  half  times  its  amount  to  find  the  diameter.  By 
enlarging  the  diameter  by  one-seventh,  one-half  the 
amount  will  be  added  to  the  discharge,  very  nearly ; 
and  by  increasing  the  diameter  by  one-third,  the 
discharge  will  be  doubled.  In  a  broad  and  practical 
sense,  and  considering  the  losses  arising  from  deposi- 
tions,* pipes  under  two  inches  should  have  one-third 

*  Mr.  Bateman  fomieTly  in  giving  evidence,  says  : — ''He  wished  to 
mention  a  drcnmstanoe  which  might  be  usefal  with  regard  to  the 
spongiOffi  found  in  the  Dublin  water  pipes.  At  Manchester,  before  the 
introdaction  of  soft  water,  the  city  was  supplied  with  hard  water, 
which  broured  the  growth  of  a  small  fresh-water  mussel,  which 
thickly  line  the  reservoirs  and  pipes.  There  were  myriads  of  them, 
and  they  lay  in  the  pipes  as  thick  as  paving  stones.     These  were 
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or  more  added  to  their  calculated  dimensions,  and 
larger  pipes  from  one-third  to  one-seventh  —  even 
after  making  allowance  for  junctions,  bends,  and  con- 
tractions. For  large  conduits  or  channels  the  allowance 
need  not  be  so  large,  if  the  maximum  quantity  to  be 
conveyed  has  been  duly  estimated. 


SECTION    X. 

EFFECTS  OP  ENLARGEMENTS  AND  CONTRACTIONS.      BACK- 
WATER WEIR   CASE. — ^LONa    AND    SHORT    WEIRS. 

THE    SHANNON. 

When  the  flowing  section  in  pipes  or  rivers  expands 
or  contracts  suddenly,  a  loss  of  head  always  ensues  ; 
this  is  probably  expended  in  forming  eddies  at  the 
sides,  or  in  giving  the  water  its  new  section.  A  side 
current,  moving  slowly  sometimes  uptoards,  may  foe 
frequently  observed  in  the  wide  parts  of  rivers,  when 
the  channel  is  unequal,  though  the  downward  current, 
at  the  centre,  be  pretty  rapid ;  and  though  it  may  be 
assumed  generally  that  the  velocities  fire  inversely  as 
the  sections,  when  the  channels  are  uniform,  this 
cannot  properly  be  done  when  they  are  not,  and  the 

caused  by  the  large  quantity  of  lime  in  the  \7ater.  He  was  curious  to 
see  what  would  be  the  effect  of  passing  water  without  lime.  This  was 
done  ten  or  eleven  years  ago,  and  the  result  was  that  these  mussels 
had  entirely  disappeared.  There  was  no  longer  anything  firom  which, 
they  could  make  their  shells,  and  for  years,  on  their  dischai^,  the 
small  pipes  were  found  choked  with  them.  If  soft  water  were  supplied 
to  Dublin  in  place  of  the  present  hard  water,  which  probably  favoured 
the  growth  of  spongillse,  they  would  probably  disappear.*'  This  has 
been  since  done,  and  Dublin  has  been  supplied,  from  the  Tartry,  with 
most  satisfactory  results  as  to  quality,  quantity,  and  cost 
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motions  SO  uncertain  as  those  referred  to.     When  a 

pipe    is    contracted    by    a 

diaphragm  at  the  orifice  of 

entry.  Fig.  27,  it  was  shown 

(equation  60),  that  the  loss 

of  head  is, 


1                     Fig.36 

U      p>     >    r^Mr^ ^ 

(128.) 


h  = 


(•  -  3> + (4  - ')'" 


2i( 


When  the  diaphragm  is   placed  in   a  uniform  pipe, 
Fig.  36,  then  a  =  c,  and  the  Ipss  of  head  is 


(124.) 


h  = 


(-  -  0'" 


^9 


and  the  coefficient  of  resistance 

(126.)  c;  =  (-^  -  iV, 

as  in  equation  (67).  The  coefficient  of  discharge  c^  is 
here  equal  to  the  coefficient  of  contraction  Co,  or  very 
nearly.  Now  it  is  shown  in  equation  (45),  and  the 
remarks  following  it,  that  the  value  of  the  coefficient 
of  discharge,  c^,  varies  according  to  the  ratio  of  the 

A 

sections,  "  ,*  and  in  Table  V.  we  have  calculated  the 

•  The  empirical  value  ot  c^  za  given  by  Professor  Rankine,   is 
•618 
Cm  =»"7 a*\i»  which  is  equal  to  unity  when  a  =  A,   as  it 


(1  -  .eis^y 


should  be  ;  and  equal  to  '618,  when  a  is  very  small,  compared  with  a, 
as  it  also  should  be  when  the  diaphragm  is  a  thin  plate,  hut  not  other- 
wise.  If  the  thickness  of  the  diaphragm  be  twice  the  diameter  of  the 
orifice  a,  the  coefficient  of  discharge  would  be  '815 ;  and  if  the  higher 
arris  be  rounded,  this  would  be  increased  to  1,  in  which  cases  the  ex- 
pression would  clearly  faQ ;  the  thickness  of  the  diaphi-agm  and  the 
form  of  the  aperture  a  must  also  be  considered.  t 
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new  coefficients  for  different  yalues  of  the  ratios,  and 
different  values  of  the  primary  coefficient  c^.  If  c^, 
when  A  is  very  large  compared  with  a,  be  '628,  then 
by  attending  to  the  remarks  at  pp.  101  and  103,  it  is 
found,  that  the  different  values  of  c^  corresponding  to 

•807  X  — ,  taken  from  Table  V.,  are  those  in  columns 
a 

Nos.  2  and  6  of  the  next  small  table,  the  values  of  the 

TABLE  OF  COEFFICIENTS  FOR  CONTRACTION,   BT  A  DIAPHRAGM 

IN  A  PIPE. 


a 

a 

— 

Cd 

c. 

— 

Ca 

c. 

A 

A 

•0 

•628 

infinite 

•6 

•713 

1-790 

•1 

•680 

221-2 

•7 

•763 

•807 

•2 

•686 

47-1 

•8 

•807 

•801 

•8 

•647 

17-2 

•86 

•845 

•164 

•4 

•661 

7-7 

•9 

•890 

•062 

•6 

•683 

3-7 

1 

1-000 

■000 

coefficient  of  resistance,  in  columns  8  and  6,  being 
calculated  &om  equation  (125)  for  the  respective  new 
values  of  the  coefficient  of  discharge  thus  found.  The 
table  shows  that  when  the  aperture  in  a  diaphragm  is 
1-Vths  of  the  section  of  the  pipe,  that  47  times  the  head 
due  to  the  velocity  is  lost  thereby.  If  the  aperture  in 
the  diaphragm  be  rounded  at  the  arrises,  the  loss  will 
not  be  so  great,  as  the  primary  coefficient  c^  will  then 
be  greater  than  that  due  to  an  orifice  in  a  thin  plate : 
see  the  Table  op  Coefficients,  p.  169. 

When  there  are  a  number  of  diaphragms  in  a  tube, 
the  loss  of  head  for  each  must  be  found  separately, 
and  all  added  together  for  the   total  loss.      If  the 
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diaphragms,  however,  approach  each  other,  so  that 
the  water  issuing  from  one  of  the  orifices  a,  Fig.  86, 
shall  pass  into  the  next  before  it  again  takes  the 
velocity  due  to  the  diameter  of  the  pipe,  the  loss  will 
not  be  so  great  as  when  the  distance  is  sufficient  to 
allow  this  change  to  take  place.  This  view  is  fully 
borne  out  by  the  experiments  of  Eytelwein  with  tubes 
1-OS  inch  in  diameter,  haviog  apertures  in  the  dia- 
phragms  of  *51  inch  in  diameter. 

Venturi's  twenty-fourth  experiment,  with  tubes 
varying  from  '75  inch  to  '984  inch  in  diameter  at  the 
junction  with  the  cistern,  so  as  to  take  the  form  of 
the  contracted  vein,  and  expanding  and  contracting 
alohg  the  length  from  '75  to  2  inches  and  from  2 
inches  to  '75  inch  alternately,  shows  the  great  loss  of 
head  sustained  by  successive  enlargements  and  con- 
tractions of  a  channel,  even  when  the  junction  of  the 
parts  is  gradual.  Calling  the  coefficient  for  the  short 
tube,  with  a  junction  of  nearly  the  form  of  the  con- 
tracted vein,  1,  then  the  following  coefficients  are 
derivable  from  the  experiment : — 

Short  tube  with  rounded  junction       .        .        .1' 

One  enlargement '741 

Three  enlargements '569 

Fiye  enlargements *454 

Simple  tube  with  a  rounded  junction  of  the  same 
length,  86  inches,  as  the  tube  with  the  five 

enlarged  parts '736 

The  head,  in  the  experiment,  was  82|  inches.  Yenturi 
states  that  no  observable  differences  occurred  in  the 
times  of  discharge  when  the  enlarged  portions  were 
lengthened  from  8^  to  6^  inches.  See  tables,  pp.  146 
and  199. 

T  2 
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With  reference  to  this  experiment,  so  often  quoted, 
it  is  necessary  to  remark  that  the  diameters  of  the 
enlarged  portions  were  2  inches  each,  while  the  lengths 
varied  only  from  8J  to  6J  inches,  and  consequently 
were  at  most  only  8^  times  the  diameter.     Now  with 

such  a  large  ratio  of  the 
width  to  the  length  of  the 
enlarged  portions,  aAB  &, 
Fig.  37,  it  is  pretty  clear 
that  a  good  deal  of  the 
head  is  lost  by  the  im- 
pact of  the  moving  water  on  the  shoulders  at  a  and  b. 
That;  this  is  so  is  evident  from  the  fact,  stated  by  the 
experimenter,  of  the  time  of  discharge  remaining  the 
same  when  a  a,  in  five  different  enlargements,  was 
increased  from  ^\  to  6^  inches;  though  this  must 
have  lengthened  the  whole  tube  from  86  to  60  inches,* 
thereby  increasing  the  loss  from  friction  proportion- 
ately, but  which  happened  to  be  compensated  for  by 
the  reduction  in  the  resistances  from  inpact  at  a  and 
B,  and  in  the  eddies,  by  doubling  the  lengths  from  a 
to  A. 

If,  however,  the  length  from  a  to  a  be  very  large 
compared  with  the  diameter,  and  the  junctions  at  a, 
A,  B,  and  h,  be  well  grafted,  less  loss  will  arise  from 
the  enlargement  than  if  the  smaller  diameter  continued 
all  along  uniform.  The  explanation  is  clear,  as  the 
resistance  from  friction  is  inversely  as  the  squaie 
roots  of  the  mean  radii;   and  the  length  being  the 


*  The  dimensions  throughout  this  experiment  are  given  as  in  the 
original,  viz.,  in  French  inches. 
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same,  the  loss  must  be  less  with  a  large  than  a  small 
diameter. 

These  remarks,  mutatis  mtUandis,  apply  equally  to 
rivers  as  to  pipes.  The  effects  of  submerged  weirs 
and  contracted  river  channels  has  been  already  pointed 
out  at  pp.  134  and  141,  and  formulae  given  for  calcu- 
lating them. 

BACKWATER  FROM   CONTRACTIONS  IN  RIVERS. 

A  river  may  be  contracted  in  width  or  depth,  by 
jetties  or  by  weirs ;  and  when  the  quantity  to  be  dis- 
charged is  known,  equations  from  which  the  increase 
of  head  may  be  found  are  given  in  formulae  (9),  (55), 
and  (57).  The  effect  of  a  weir,  jetty,  or  contracted 
channel  of  any  kind,  is  to  increase  the  depth  of  water 
above ;  and  this  is  sometimes  necessary  for  navigation 
purposes,  or  to  obtain  a  head  for  mill  power.  When 
a  weir  is  to  rise  over  the  surface,  then  from  the  length, 
the  discharge  per  minute,  the  coefficient  due  to  the 
crest,  and  the  coefficient  due  to  the  ratio  of  the  sections, 
on  and  above  the  weir,  found  from  Table  V.,  the  head 
can  be  foimd  from  Table  VI.  For  submerged  weirs 
and  contracted  widths  of  channel,  the  head  can  be  best 
calculated,  by  approximation,  from  the  equations  above 
referred  to. 

The  head  once  determined,  the  extent  of  the  back- 
water is  a  question  of  some  importance.  If  f  c  o  d. 
Fig.  88,  be  the  original  surface  of  a  river,  and  a  a  b  f 
the  raised  surface  by  backwater  from  the  weir  at  a,  then 
the  extent  a  f  of  this  backwater,  in  a  regular  channel, 
will  be  frqjDi  1*5  to  1*9  times  a  c  drawn  parallel  to  the 
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horizon  to  meet  the  original  surface  in  c.  This  rule 
will  be  found  useful  for  practical  purposes;  but  in 
order  to  determine  more  accurately  the  rise  for  a  given 


length,  Bj  Bs  or  Bj  b,  of  the  channel,  it  is  necessary  to 
commence  at  the  weir  and  calculate  the  heights  from  a 
to  b,  b  to  Bi,  and  from  Bi  to  Bs  separately,  the  distance 
from  A  to  B2  being  supposed  divided  into  some  con- 
venient number  of  equal  parts,  so  that  the  lengths  a  b, 
B  Bi,  &c.,  may  be  considered  free  from  curvature.  Now, 
as  the  head  A  d  is  known,  or  may  be  calculated  by 
some  of  the  preceding  formulae,  the  section  of  the 
channel  at  the  head  of  the  weir  also  becomes  known, 
and  thence  the  mean  velocity  in  it,  by  means  of  the 
dischai^e  over  the  weir.  Putting  a  for  the  area  of  the 
channel  at  a  h,  ({  for  its  depth  a  h,  and  v  for  the  mean 
velocity ;  also  Ai  for  the  area  of  the  channel  at  b  r,  di 
for  its  depth,  and  ri  for  its  mean  velocity;  6^^  the 
mean  border  between  the  sections  at  a  h  and  b  i ;  rm 

the  mean  hydraulic  depth ;  —w—^  the  mean  velocity; 

AD  =  %;  bo  =  Aj;  the  sine  of  angle  0  d  e  =  a ;  and 
the  length  a  b  =  d  o  nearly  =  Z ;  we  get  a  X  r  =  Ai 

X  Vi  and  r^  =     .  .    ^ ;  but  as,  in  passing  from  b  to 

2  6m 

A,  the  velocity  changes  from  Vi  to  €,  there  is  a  loss  of 
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head  equal  — --,  and  if  Cf  be  the  coeflGicient  of  fric- 

tion,  there  is  a  loss  of  head  from  this  cause  equal  Cf  X 

—  X  — ;  hence  the  whole  change  of  head  in 

passing  from  b  to  a  is  equal  to  Cf  X  —  X    — - — ^    — 

^ —.     But  this  change  of  head  is  equal  to  b  e  —  a  d 

^9 
=  B0  +  0E  —  AD  =  fci  +  i«  —  fe,  whence 

(126.)        A,-fe  =  di-d=c,xlx  ^^1+JI 

2<? 
or  as  Oi  =  — ,  and  r^,  =  ^ttt— S   ^7  a  few  reductions 
and  change  of  signs, 
(127.)    A  -  fti  =  («  -  c,  X  6„  X  ^^^  X  ^  I 


and  therefore 


^«  —  A*        t?* 
A  —  Ai 2 —  ^ 


g  ^  c,  X  jj-^  X  2^ 

from  which  the  length  I  corresponding  to  any  assumed 
change  of  level  between  A  and  b  can  be  calculated. 
Then,  by  a  simple  proportion  the  change  of  level  for 
any  smaller  length  can  be  found.  To  find  the  change 
of  level  directly  from  a  given  length  does  not  admit  of 
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a  direct  solution,  for  the  value  of  A  —  fcj  in  equation 
(127)  involves  Ai,  which  depends  again  on  fe  —  /ii,  and 
further  reduction  leads  to  an  equation  of  a  higher 
order ;  but  the  length  corresponding  to  a  given  rise, 
Ai,  is  found  directly  by  equation  (128). 

When  the  width  of  the  channel,  tr,  is  constant,  and 
the  section  equal  io  w  y.  d  nearly,  the  above  equations 
admit  of  a  further  reduction  for  Aj  =  dj «?  and  A  =  dw\ 
by  substituting  these  values  in  equation  (127)  it  be- 
comes, after  a  few  reductions, 
(129.)    A  -  fei  =  d  -  ^ 

\        '      "     2djM;      2^/  r/f  2g' 

or,  as  it  may  be  farther  reduced, 

8  —  CtXy^    X    —^-7^   X   ^ 

('»»•)  '  - ». = — rrrorV^  X '• 

Now,  in  this  equation,  for  all  practical  purposes, 

d  +  d^  ^     b^  _    b 


2  di         diw       dw' 
approximately,  b  being  the  border  of  the  section  at 

A  H ;    and    also,  — "^      —  j>  approximately,    there- 
fore 

h  ^ 

(131.)       h-hi  = 5 J ^Xl; 

1 i  X 


and 


d      2g 


(ft-A,)x(l-§x/) 


(132.)  1=  ^ 

'       dw       2g 
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h  1 

Now,  as  T —  =  — ,  2  a  =  64'4,  and  the  mean  value  of 

the  coefficient  of  friction  for  small  velocities  Ct  =  '0078, 
then 

64-4  d«- -0078 -«2 

and 

(134.)  i  =  (/^  -  A.)  X  (64>4  d  -  2  c^^ 

64-4  d  «  -  -0078  - 1? 

fonnd  A  B  from  b  o  or  b  e,  and  b  o  from  a  b,  we  can  in 
the  same  manner  proceed  up  the  channel  and  calculate 
Bi  c,  B2  Ci,  &c.,  until  the  points  b,  Bi,  B2  in  the  curve 
of  the  backwater  shall  have  been  determined,  and  imtil 
the  last  nearly  coincides  with  the  original  surface  of 
the  river.    When  hi  =  0,  then 

64-4  da-  -0078  -  ir^ 

T 

^  =         64-4  d  -  2   '       ^  ^• 


If  equation  (184)  be  examined,  it  appears  that  when 
64'4  d  =  2fP,  I  must  be   equal  to  zero ;    or  when 

d         f^ 

0  =  ftTTl  >  equal  the  height  due  to  the  velocity  v.  When 

1  is  infinite,  64*4  d  must  exceed  2 1^,  and  64*4  d  8  equal 

to -0078  -«^; 
r 

or,  -TQQff^  =  r^,  and  t?  =  90*9  VT's. 

This  is  the  velocity  due  to  friction  in  a  channel  of  the 
depth  d,  hydraulic  mean  depth  r,  and  inclination  8 ; 
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and,  as  in  wide  rivers  r  =  d  nearly,  v  =  90'9  \/  d  8, 
but  when  the  numerator  was   zero  we  had  from  it 

V  =  V  32*2  d ;  equating  these  values  of  v,  8  =  "0089 

=:—  nearly :  see  p.  188.    Now,  the  larger  the  fraction 

8  is,  the  larger  will  the  velocity  v  become ;  and  the 
larger  v  becomes,  the  more  nearly,  in  all  practical  cases, 
will  the  terms 

64-4  d  -  2  «?*  and  64-4  d  «  -  '0078-  tJ*, 

r 

in  the  numerator  and  denominator  of  equation  (184), 

approach  zero  ;  when  64*4  d  —  2  tJ*  becomes  zero  first, 

I  z=  0 ;  when  64*4  d  s  —  '0078  ~  f^  becomes  zero  first, 

r 

I  equals  infinity ;  and  when  they  both  become  zero  at 
the  same  time,  I  =  h  -^  hi,  and  «  =  —  :   see  p.  188  ; 

356 

if  «  be  larger  than  this  fraction,  the  numerator  in  equa- 
tion (184)  will  generally  become  zero  before  the  denomi- 
nator, or  negative,  in  which  cases  I  will  also  be  zero, 
or  negative ;  and  the  backwater  will  take  the  form  f 
C2  hi  bi  b  ai  a,  Fig.  88,  with  a  hollow  at  02*  Bidone 
first  observed  a  hollow,  as  f  O2  &2»  when  the  inclination 

8  was  -.    When  the  inclination  of  a  river  channel 

30 

changes  from  greater  to  less,  the  velocity  is  obstructed, 
and  a  hollow  similar  to  f  c^  b^  sometimes  occurs. 
When  the  difference  of  velocity  is  considerable,  the 
upper  water  at  &2  f^dls  backwards  towards  02  and  f,  and 
forms  a  borey  a  splendid  instance  of  which  is  the  poro- 
roca,  on  the  Amazon,  which  takes  place  where  the 
inclination  of  the  surface  changes  from  six  inches  to 
one-fifth  of  an  inch  per  mile,  and  the  velocity  from 
about  22  feet  to  4J  feet  per  second. 
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WEIR   CASE,   LONG  AND   SHORT  WEIRS. 

When  a  channel  is  of  very  unequal  widths,  above  a 
weir,  the ,  following  simple  method  of  calculating  the 
backwater  will  be  found  sufficiently  accurate,  and  the 
results  to  agree  with  observation.  Having  ascertained 
the  m/rja^e  fall  due  to  friction  in  the  channel  at  a  uni- 
form mean  section,  add  to  this  fall  the  height  which  the 
whole  quantity  of  water  flounng  down  would  rise  on  a 
weir  having  its  crest  on  the  same  level  as  the  lower  weir, 
and  of  the  same  length  as  the  width  of  the  cliannel  in  the 
contracted  pass.  The  sum  vdU  be  the  head  of  water  at 
some  distance  above  such  pass  very  nearly.  A  weir  was 
formerly  constructed  on  the  river  Blackwater,  at  the 
bounds  of  the  counties  Armagh  and  Tyrone,  half  a 
mile  below  certain  mills,  which,  it  was  asserted,  were 
injuriously  affected  by  backwater  thrown  into  the 
wheel-pits.  The  crest  of  the  weir,  220  feet  long,  was 
2  feet  6  inches  below  the  pit ;  the  river  channel  between 
varied  from  50  and  57  feet  to  128  feet  in  width,  from  1 
foot  to  14  feet  deep  ;  and  the  fall  of  the  surface,  with 
8  inches  of  water  passing  over  the  weir  and  the  sluices 
down,  was  nearly  4  inches  in  the  length  of  half  a  mile. 
Having  seen  the  river  in  this  state  in  summer,  the 
Author  had  to  calculate  the  backwater  produced  by 
different  depths  passing  over  the  weir  in  autumn  and 
winter,  which  in  some  cases  of  extraordinary  floods 
were  known  to  rise  to  8  feet.  The  width  of  the 
channel  about  60  feet  above  the  weir  averaged  120  feet. 
The  width,  2050  feet  above  the  weir  and  550  feet  below 
the  mills,  was  narrowed  by  a  slip  in  an  adjacent  canal 
bank,  to  45  feet  at  the  level  of  the  top  of  the  weir,  the 
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average  width  at  this  place  as  the  water  rose  being  55 
feet.  The  channel  above  and  below  the  slip  widened 
to  80  and  123  feet.  Between  the  mills  and  the  weir 
there  were,  therefore,  two  passes ;  one  at  the  slip, 
averaging  55  feet  wide  ;  another  above  the  weir,  about 
120  feet  wide.  Assuming  as  above,  that  the  water  rises 
to  the  heights  due  to  weirs  65  and  120  feet  long,  at 
these  passes,  then,  by  an  easy  calculation,  or  by  means 
of  Table  X.,  the  heads  in  columns  two  and  four  of  the 
table  on  the  next  page  were  found,  corresponding  to  the 
assumed  ones  on  the  weir,  given  in  the  first  column. 

As  the  length  of  the  river  was  short,  and  the  hydraulic 
mean  depth  pretty  large,  the  faU  due  to  friction  for  60 
feet  above  the  weir  was  very  small,  and  therefore  no 
allowance  was  made  for  it ;  even  the  distance  to  the 
slip  was  comparatively  short,  being  less  than  half  a 
mile,  and  as  the  water  approached  it  with  considerable 
velocity,  this  was  conceived,  as  the  observations  after- 
wards showed,  to  be  a  sufficient  compensation  for  the 
loss  of  head  below  by  friction.  The  observations  were 
made  by  a  separate  party,  over  whom  the  Author  had 
no  control,  and  it  is  necessary  to  remark,  that  with  the 
same  head  of  water  on  the  weir,  they  often  differed 
more  from  each  other  than  from  the  calculation.  This, 
probably,  arose  fi^om  the  different  directions  of  the 
wind,  and  the  water  rising  during  one  observation,  and 
falling  during  another. 

The  true  principle  for  determining  the  head  at  g. 
Fig.  89,  apart  from  that  due  to  friction,  is  that  pointed 
out  at  pp.  186  and  141,  but  when  the  passes  are  very 
near  each  other,  or  the  depth  d^,  Fig.  28,  is  small,  the 
effect  of  the  discharge  through  J2  is  inconsiderable  in 
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reducing  the  head,  as  the  contraction  and  loss  of  vwr- 
viva  are  then  large,  and  the  head  di  becomes  that  due 
to  a  weir  of  the  width  of  the  contracted  channel  at  a, 
nearly.     The  reduction  in  the  extent  of  the  backwater, 

TABLE  OF  CALCTTLATED  AND  OBSERVED  HEIGHTS  ABOVE  M'KEAN's 
WEIR,   NEAR  BENBTJRB,   ON  THE  RIVER  BLACKWATER. 


Heights  at 
M'Kean'B 

Heights  GO  feet  above  the 
weir  channel  120  feet  wide. 

Heights  2060  feet  above   . 
the  weir  channel  55  feet 
wide;  average.          1 

weir  220  feet 

• 

in  inchea. 

Calculated 

Oheerred 

Calculated 

Observed 

inches. 

inches. 

inches. 

inches. 

li 
2 

3 

2i 

2i 

4i 

6i 

•  ■  « 

4i 

•  «   • 

•  ■  • 

•  ■  • 

74 

•  ■    « 

7 

4 

6 

•  •  ■ 

10 

9 

5 

7i 

■  •  • 

12J 

lU 

6 

9 

9 

15 

16i 

7 

lOi 

lOi 

I7i 

18} 

8 

12 

•  •  ■ 

20 

20J 

9 

13i 

12i 

22i 

20i 

10 

15 

•  ■  • 

24| 

20 

11 

16i 

•  •  • 

27} 

24 

12 

18 

17 

30 

31 

13 

19i 

18i 

32: 

33 

16 

22^ 

21 

37 

40 

18 

27 

25 

45; 

46 

21 

31i 

29i 

53 

54 

24 

86 

34 

60i 

62 

t 

by  lowering  the  head  on  a  longer  weir,  is  found  by 
taking  the  difference  of  the  amplitudes  due  to  the  heads 
at  9,  Fig.  89,  in  both  cases,  as  determined  from  equa- 
tions (56),  (128),  et  seq.  This  will  seldom  exceed  a 
mile  up  the  river,  as  the  surface  inclination  is  found  to 
be  considerably  greater  than  that  due  to  mere  £riction 
and  velocity,  and  hence  the  general  failure  of  drainage 
works  designed  on  the  assumption  that  the  lowering 
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of  the  head  below,  by  means  of  long  weirs,  extends  its 
effects  all  the  way  up  a  channel.  It  is  necessary  to 
treble  the  length  of  a  weir  before  the  head  passing  over 
can  be  reduced  by  one-half,  Table  X.,  even  supposing 
the  circumstances  of  approach  to  be  the  same  :  surely 
several  engineering  appliances  for  shorter  weirs,  during 
periods  of  flood,  would  be  found  far  more  effective  and 
much  less  expensive  than  this  alternative,  with  its 
extra  sinking  up  channel  and  enlarged  weir  basin  for 
drainage  purposes.* 

The  advocates  for  the  necessity  of  weirs  longer  than 
the  width  of  the  channel,  for  drainage  purposes,  must 
show  that  the  reduction  of  the  head  and  extent  of 
backwater  above  g,  Fig.  39,  is  not  small,  and  that  the 
effects  extend  the  whole  way  up  the  channel,  or  at  least 
as  far  as  the  district  to  be  benefited.  Practice  has 
heretofore  shown,  that  long  weirs  have  failed  (unless 
after  the  introduction  of  sluices  or  other  appliances)  in 
producing  the  expected  arterial  drainage  results,  not- 
withstanding the  increased  leakage  from  increased 
length,  which  must  accompany  their  construction. 

The  deepening  in  the  weir  basin  a  &  b  e  a  is  mostly 
of  use  in  reducing  the  surface  inclination  between  a  b 
and  A  B  by  increasing  the  hydraulic  mean  depth ;  but, 
thereby,  the  velocity  of  approach  is  lessened,  and  there- 
fore the  head  at  e  increased*    When  the  length  of  a 

*  When  t1u8  was  first  written,  in  1849,  the  Author  was  not 
acquainted  with  the  good  common  sense  appliances  of  moveable  weirs 
used  by  the  French,  which  raised  the  levels  at  low  water  to  admit  of 
navigation ;  and  being  removed,  or  falling  level  with  the  bottom  bed 
in  floods,  permitted  the  full  drainage  of  the  upper  riparian  lands,  when 
most  required. 
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weir  baam  a  e  exceeds  that  point  where  these  two  op- 
poeite  effects  balance  each  other,  there  will  be  a  gain 
by  the  difference  of  the  surface  inclinations  in  favour  of 
the  long  weir  :  but  unless  a  e  exceeds  half  a  mile,  this 
difference  cannot  amount  to  more  than  one  or  two 
inches,  nnleBS  the  river  be  very  small  indeed ;   and  if 


the  channel  he  sunk  for  the  long  weirs  b  a  or  b  Oi,  it 
should  also  be  sunk  to  at  least  the  same  depth  and  extent 
/or  the  short  weirs  b  e,b  a,  otherwise  there  is  no  fair 
comparison  of  their  separate  merits.  The  effect  of  the 
widenii^  between  a  b  and  a  b,  the  depth  being  the 
same,  is  also  to  reduce  the  surface  inclination  from  a 
to  E ;  but,  as  before,  unless  a  e  be  of  considerable 
length,  this  gain  will  also  be  small.  Now  a  b,  at  best, 
is  but  a  weir  the  direct  width  of  the  new  channel  at 
A  B,  and  if  the  length  a  e  be  considerable,  ^ere  is  an 
entirely  new  river  channel  with  a  direct  weir  at  the 
lower  end,  and  the  saving  of  head  effected  arises  en- 
tirely from  the  larger  channel,  with  as  it  were  a  direct 
transverse  weir  at  the  lower  end. 

By  referring  to  Table  VIII.,  it  will  be  found  that 
for  a  hydraulic  mean  depth  of  5  feet  a  fall  of  7i  inches 
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per  mile  will  give  a  velocity  of  2  feet  per  second ;  if 
of  double  the  depth,  a  fall  of  4  inches  will  give  the 
same  velocity ;  and  for  a  depth  of  only  2  feet  6  inches, 
a  fall  of  12J  inches  is  necessary.  This  is  a  velocity 
much  larger  than  we  have  ever  observed  in  a  deep 
weir  basin,  yet  it  is  easily  perceived  that  the  difference 
in  the  inclinations  for  a  short  distance,  e  a  of  a  few 
hundred  feet,  must  be  small-  If  one  section  be  double 
the  other,  the  hydraulic  mean  depth  remaining  con- 
stant, the  velocity  must  be  one-half,  and  the  fall  per 
mile,  one-fourth,  nearly.  This  woidd  leave  7J  —  2 
=  5  J  inches  per  mile,  or  1  inch  per  1000  feet  nearly, 
as  the  gain  with  a  hydraulic  mean  depth  of  5  feet  for 
a  double  water  channel.  For  greater  depths  the  gain 
would  be  less,  and  the  contrary  for  lesser  depths. 

Is  the  saving  of  head  and  amplitude  of  backwater 
here  estimated  worth  the  increased  cost  of  long  weirs 
and  the  consequent  necessity  and  expense  of  sinking 
and  widening  the  channels  for  such  long  distances  ? 
Certainly  not ;  indeed,  any  extra  sinking  in  the  basin 
immediately  at  the  weir  is  absolutely  injuriotis  by 
destroying  the  velocity  of  approach,  and  increasing  the 
contraction.  The  gradual  approach  of  the  bottom 
towards  the  crest,  shown  by  the  upper  dotted  line 
6  E  in  the  section,  Fig.  89,  and  a  sudden  overfall,  will 
be  found  more  effective  in  reduciag  the  head,  unless 
so  far  as  leakage  takes  place,  that  any  depth  of  sinking 
for  nearly  80  or  100  feet  above  long  weirs. 

In  most  instances,  the  extra  head  will  be  only  per- 
ceived by  an  increased  surface  inclination,  which  may 
extend  for  a  mile  or  more  up  the  channel,  according 
to  the  sinking  and  widening. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS,  289 

It  is  a  general  rule  that,  for  shorter  weirs,  the  co- 
efficients of  discharge  decrease ;  this  arises  from  the 
greater  amount  of  lateral  contraction,  and  is  more 
marked  in  notches  or  Poncelet  weirs,  than  for  weirs 
extending  from  side  to  side  of  the  channel ;  but  for 
weirs  exceeding  10  feet  in  length  the  decrease  in  the 
coefficients  from  this  cause  is  immaterial,  unless  the 
head  passing  over  bear  a  large  ratio  to  the  length ; 
and  it  may  be  seen  from  the  coefficients,  page  68, 
derived  from  Mr.  Blackwell's  experiments,  that  with 
10  inches  head  passing  over  a  2-inch  plank,  the  co- 
efficient for  a  length  of  8  feet  was  *614 ;  for  a  length 
of  6  feet  '589 ;  and  for  a  length  of  10  feet  -584 ; 
showing  a  decrease  as  the  weir  lengthens,  but  which 
may,  in  the  particular  cases,  be  accounted  for.  Other 
circumstances  which  modify  the  coefficients  were  before 
referred  to,  yet  it  may  be  assumed  generally,  without 
any  error  of  practical  value,  that  the  coefficients  are 
the  same  for  different  weirs  extending  from  side  to 
side  of  a  river.  If,  then,  w  and  Wi  be  put  for  the 
lengths  of  two  such  weirs,  the  relation  of  the  heads  d 
and  di  for  the  same  quantity  of  water  passing  over  is 
given  by  the  following  proportion : — 

and  therefore 

(186.)  d,  =  ^^)i  X  d. 

By  means  of  this  equation,  Table  X.  has  been  calcu- 
lated ;  the  ratio  —  being  given  in  columns  1,  8,  5  and 

Wi 

7,  and  the  value  of  (— )  >  or  the  coefficient  by  which 
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d  is  to  be  multiplied,  to  find  di  in  columns  2,  4,  6  and 
8.  It  appears  also,  that  if  the  heads  pacing  ever  any 
weir  in  a  river  he  taken  in  an  arithmetical  progression, 
the  heads  then  passing  over  any  other  weir  in  the  same 
river  must  also  be  in  arithmetical  progression^  unless 
the  quantity  flowing  down  varies  from  erogation  or 
^^PP^Vf  9^^h  as  dratving  off  by  millraces,  dtc.  If  c^  be 
the  coefficient  for  a  direct  weir,  *94  c^  will  answer  for 
an  obliquity  of  45^,  and  *91  c^  for  an  angle  of  65^. 

In  the  first  edition  of  this  work  though  not  specially 
mentioned,  the  observations  on  this  subject  had  general 
reference  to  the  weirs  constructed  across  the  Shannon 
at  Eillaloe,  Meelick,  and  Athlone,  and  elsewhere. 
Since  then  the  failure  of  these  works  is  admitted  by 
all,  although  previously  the  author  stood  alone  in  as- 
serting that  they  should  fail.  To  expect  that  lowering 
the  head  by  extending  the  weir  would  extend  its 
results  for  miles  up  the  river,  showed  ignorance  of  the 
first  principles  of  river-engineering;  but  when  the 
surface  was  shown  actually  level  on  the  sections  from 
Eillaloe  to  Meelick,  and  Meelick  to  Athlone  on  distances 
of  32  miles,  and  27  miles,  without  any  fall  to  give 
velocity  to  and  convey  off  the  waters  something  like 
wonder  must  be  felt.*  The  French  had  and  have 
several  expedients  for  keeping  up  the  summer  levels, 
all  founded  on  one  sound  principle,  viz. :  the  removal 
of  these  obstructions  before  and  during  floods.  In 
Les  Barrages  a  Ha/asses  Mobiles,  \  the  separate  panels  or 

*  See  Flan  89,  Second  Boport,  and  Plans  Nos.  12  and  IS  in  Fourth 
Report  of  the  Shannon  Commiasioners. 

t  Vide  M6moiie  nir  lea  hanagea  a  Haussea  Uobilea  par  MM.  Chanoine 
ingfoieur  en  chef  et  De  Lagrlne,  ing6nienr  oidinairo  dea  ponta  et 
chaoBsefl,  Paris,  18C2. 
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doors  of  which  the  weir  is  made  up,  are  laid  lying  at 
the  hottom,  during  floods ;  admitting  the  free  naviga- 
tion of  the  main  channel.  These  are  raised  in  summer, 
and  the  navigation  carried  on  by  means  of  a  lateral 
lock.  When  the  navigation  of  the  main  channel 
cannot  be  maintained  at  any  time,  sluices  which  lift 
entirely  out  of  the  water  are  perhaps  best,  as  they  can, 
for  most  rivers,  be  made  up  to  80  feet  in  width,  as  in 
patent  of  Mr.  F.  O,  M.  Stoney.  The  advantage  of 
both  these  designs  is,  that  the  fall  at  the  site  is  avail- 
able in  fuU,  not  only  to  discharge  the  water  £reely 
through  its  own  depth,  but  also  to  give  extra  velocity 
and  discharge  to  the  under  water  thence  down  to  the 
bottom,  as  in  Fig«  22,  if  the  weir  were  removed.  The 
use  of  the  syphon  (see  equations  (164  to  164  h)  tn/ra,) 
assumes  the  necessity  for  the  fixed  weir;  but  this 
appliance  can  at  no  time  discharge  a  greater  amount 
of  water  than  that  due  to  the  head  or  difference  of 
levels,  but  always  less ;  and  it  has  no  effect  in  increas- 
ing the  discharge  between  the  lower  surface  of  the 
water  and  the  bottom,  which  both  the  other  designs 
have,  and  very  considerably  augment.    See  Section  Y. 


SECTION  XI. 

BENDS  AND  CUBVES. — BRANCH  PIPES.  —  DIFFEBENT 
LOSSES  OF  HEAD. — GENERAL  EQUATION  FOB  FIND- 
ING THE  VELOdTY. — ^HYDROSTATIC  AND  HYDBAULIC 
PBESSUBE. — ^PIEZOMETEB. — SYPHONS. 

The  resistance  or  loss  of  head  due  to  bends  and 

curves  has  now  to  be  considered.      If  a  bent  pipe, 

V  2 
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F  B  c  D  E  G,  Fig.  40^  be  fixed  between  two  cisterns^  so 

as  to  be  capable  of 
revolving  round  in 
collars  at  f  and  g, 
the  time  the  water 
takes  to  sink  a  given 
distance  from  /  to 
F  in  the  upper  cis- 
tern is  found  to  be  the  same,  whether  the  tube  occupy 
the  position  shown  in  the  figure  or  the  horizontal 
position  shown  by  the  dotted  line  Thcdeo.  This 
shows  that  the  resistances  due  to  friction  and  to  bends 
are  independent  of  the  pressure.  If  the  tube  were 
straight,  the  discharge  would  depend  on  the  length, 
diameter  and  difference  of  level  between  /  and  g,  and 
may  be  determined  from  the  mean  velocity  of  dischai^e, 
found  from  Table  VIII.  or  equation  (79).  Here, 
however,  it  is  necessary  to  take  into  consideration 
the  loss  sustained  at  the  bends  and  curves,  and 
our  illustration  shows  that  it  is  unaffected  by  the 
pressure. 

The  experiments  of  Bossut,  Du  Bu&t,  and  others, 
show  that  the  loss  of  head  from  bends  and  curves — 
like  that  from  friction — ^increases  as  the  square  of  the 
velocity ;  but  when  the  curves  have  large  radii,  and 
the  bends  are  very  obtuse,  the  loss  is  very  small. 
With  a  head  of  nearly  8  feet,  Venturi's  twenty-third 
experiment,  when  reduced,  gives — ^for  a  short  straight 
tube  16  inches  long,  and  1^  inch  in  diameter,  having 
the  junction  of  the  form  of  the  contracted  vein  very 
nearly  *878  for  the  coefficient  of  discharge.  When  of 
the  same  length  and  diameter,  but  bent  as  in  Diagram 
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I.y  Fig.  40^  the  coefficient  is  reduced  to  *785 ;  and 
when  bent  at  a  right  angle  as  at  h.  Fig.  40,  the  co- 
efficient is  further  reduced  to  '660.  In  these  respec- 
tive cases  we  have  therefore  * 


1.  v  =  -878  V2g  h,  and  A  =  1*812  X  ^ 

2.  V  =  '785  V^gh,  and  &  =  1*628  x  ^ 

8.         r  =  -660  \/  2  flr  A,  and  &  =  8-188  x  g- 
showing  that  the  loss  of  head  in  the  tube  h,  Fig.  40, 
from  the  bendy  is  1*876  x  ^r— ,  or  nearly  double  the 

theoretical  head  due  to  the  velocity  in  the  tube.     The 
loss  of  head  by  the  circular  bend  is  only  'Sll^r— , 

or  not  quite  one-sixth  of  the  other. 

Mr.  Mallet's  experiments  with  a  syphon  tube  &'  x 
1\'\  about  3  feet  long,  suited  for  weir-crests  and  a 
straight  tube  of  the  same  dimensions  every  way  gives 
coefficients  from  '860  to  *874  due  to  the  bend. 

Du  Buat  deduced,  from  about  twenty-five  experi- 
ments,  that  the  head  due  to  the  resistance  in  any  bent 
tube  ABCDEF6H,  diagram  1,  Fig.  41,  depends  on 
the  number  of  deflections  between  the  entrance  at  a 
and  the  departure  at  h;  that  it  increases  at  each 
deflection  as  the  square  of  the  sine  of  the  deflected 

*  It  is  stated  that  tlie  time  necessary  for  the  dischaige  of  a  giyen 
qusntity  of  water  through  a  straight  pipe  being  1,  the  time  for  an 
equal  quantity  through  a  cnnre  of  90^  would  be  1*11,  with  a  right 
angle  1*57 ;  two  right  angles  would  increase  the  time  to  2*464,  and  two 
cured  junctions  to  only  1*28.  Vide  Rkfobt  on  the  Sufplt  op 
Water  to  the  Metrofolis,  p.  237,  Appendix  Ko.  8. 
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angle,  abr  for  instance^  and  as  the  square  of  the 
velocity ;  and  that  if  ^^  <f>i,  ^,  <^3,  &c.,  be  the  number 
of  degrees  in  the  angles  of  deflection  at  b,  c,  d,  e^  iSbc, 


then  for  measnres  in  French  inches  the  height  %b>  due 
to  the  resistance  from  curves,  is 

nQa\       I.  _  t^Csin. V + sin.^^ + sin.*^ + sin. Vs  +  &c.) 
(136.)       h^ ~^^ 

which  for  measures  in  English  inches  becomes 

^iQi7\       J.   _t?(sin.V+sin.'^+sin.*0a+sin.*<^3+&<5.) 
(187.)      K gj97 

and  for  measures  in  English  feet, 

/iQQN       I.  _t^(sin.^<^+sin.^<^+sin.V2+sin.*<^3+&c.) 
(138.)       K 266^4 

or,   as  it  may  be  more  generally  expressed  for  all 

measures, 

(189.)     h^  =  (sin.*^  +  sin.*^  +  sin.'^j  +  sin.  ^3  +  &c.) 


X ,  in  which 


%^ 


8-27  g       266-4 


=  -00875  t;^  in 


8-27^^ 
feet. 

The  angle  of  deflection,  in  the  experiments  from 
which  equation  (186)  is  derived,  did  not  exceed  86^. 
It  has  already  been  shown  that  the  loss  of  head  from 
the  circular  bend  in  diagram  I.,  Fig.  40,  where  the 
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angle  of    deflection    is    nearly  45°,  is  'Sll  -^   = 

•00488  «»,  but  as  the  sin.  45°  =  -707 ;  sin.«45°  =  '6 
then  "00483  f?"  =  '00966  v*  x  sin.*  45°,  or  more  than 
two  and  a  half  times  as  much  as  Du  Buat's  formula 
would  give ;  and  if  it  be  compared  with  Bennie's 
experiments,*  with  a  pipe  15  feet  long,  \  inch  diameter, 
bent  into  15  curves,  each  8^  inches  radius,  it  would  be 
found  that  the  formula  gives  a  loss  of  head  not  much 
more  than  one  half  of  that  which  may  be  derived  from 
the  observed  change,  '419  to  '870  cubic  feet  per 
minute  in  the  discharge.     See  p.  298. 

Br.  Young  t  first  perceived  the  necessity  of  taking 
into  consideration  the  length  of  the  curve  and  the 
radius  of  curvature*  In  the  twenty-five  experiments 
made  by  Du  Buat,  he  rejected  ten  in  framing  his 
formula,  and  the  remaining  fifteen  agreed  with  it  very 
closely*    Dr.  Toung  found 

/i^A  X                 I.        "0000045  6  p*  X  «* 
(140.)  K  = r^ ; 

where  ^  is  the  number  of  degrees  in  the  curve  n  p, 
diagram  2,  Fig.  41,  equal  the  angle  nop;  p  =  o  n 
the  radius  of  curvature  of  the  axis ;  h^  the  head  due 
to  the  resistance  of  the  curve,  and  t;  the  velocity,  all 
expressed  in  French  inches.  This  formula  reduced 
for  measures  in  English  inches  is 

(141.)  ft^  ^-0000044^^2^. 

P 

and  for  measures  in  English  feet, 

*  Philosophical  TiaiLsactioiiB  for  1881,  p.  488. 

t  Philoiophical  Transaetions  for  1808,  pp.  178—175. 
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t-iACix                 t          -000006  <<)  p* X  tJ* 
(142.)  Ab  =  I-L . 

P 
Equation  (140)  agrees  to  Vy^  o^  the  whole  with 
twenty  of  Du  Buat's  experiments,  his  own  formida 
agreeing,  so  closely,  with  only  fifteen  of  them.  The 
resistance  must  evidently  increase  with  the  nmnber 
of  bends  or  curves ;  but  when  they  come  close  upon, 
and  are  grafted  into  each  other,  as  in  diagram  1, 
Fig.  41,  and  in  the  tube  f  b  c  d  £  G,  Fig.  40,  the 
motion  in  one  bend  or  curve  immediately  affects  those 
in  the  adjacent  bends  or  curves,  and  this  law  does 
not  hold. 

Neither  Du  Buat  nor  Young  took  any  notice  of 
the  relation  that  must  exist  between  the  resistance 
and  the  ratio  of  the  radius  of  curvature  to  the  radius 
of  the  pipe.  Weisbach  does,  and  combining  Du  Buat's 
experiments  with  some  of  his  own,  found  for  circular 
tubes, 

a«.)    ».=j|^x{.m  +  ,-847(i;)'}xf^, 

and  for  quadrangular  tubes, 

(144.)    ^.  =  i^X  {-124  + 8.104(0}  x^; 

in  which  <^  is  equal  the  angle  n  o  p  =  n  i  b,  diagram  2, 
Fig.  41 ;  d  the  mean  diameter  of  the  tube,  and  p  the 

radius  n  o  of  the  axis.    When  ;r—  exceeds  '2,  the  value 

2p 

of -131  +  l-847Y^y  exceeds  -124  +  8-104  (AV  , 

and  the  resistance  due  to  the  quadrangular  tube  ex- 
ceeds that  due  to  the  circular  one.  The  author 
arranged  and  calculated  the    following  table  of  the 
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numerical  values  of  these  two  expressions  for  the 
more  easy  application  of  equations  (143)  and  (144). 
This  table  will  be  found  of  considerable  use  in  cal- 
culating the  values  of  equations  (148)  and  (144),  as 
the  second  and  fifth  columns  contain  the  values  of 

•ISl  +  1-847  (  ^  y,  and  the  third  and  sixth  columns 

d 


the  values  of  '124  +  8104  f -^ —  j^  corresponding  to 

different  values  of  ^r- ;  and  it  is  carried  to  twice  the 
extent  of  those  given  by  Weisbach. 


TABLE  OF  THE  VALUES  OF  TIES  EXPRESSIONS. 

•181  +  1-147  (^  )*  and  -124  +  8*104  /A  V 


d 

Ciroular 

Qnadrangnlar 

d 

droular 

Qaadrangular 

^' 

tubes. 

tubes. 

2p- 

tubes. 

tubes. 

•1 

•181 

•124 

•6 

•440 

•643 

•16 

•188 

•128 

•65 

•640 

•811 

•2 

'188 

•186 

•7 

•661 

1-015 

•25 

•145 

•148 

■76 

•806 

1-258 

•8 

•158 

•170 

•8 

•977 

1-546 

•85 

•178 

•208 

•86 

1-177 

1-881 

•4 

•206 

•250 

•9 

1-408 

2-271 

•45 

•244 

•814 

•95 

1-674 

2-718 

•5* 

•294 

•898 

1-00 

1-978 

8-228 

For  bent  tubes,  diagrams  8,  4,  and  5,  Fig.  41,  the 
loss  of  head  is  considerably  greater  than  for  rounded 
tubes.    If,  as  before,  the  angle  n  i  b  be  put  equal  to 


*  The  values  corresponding  to  —  =  -56  are  '850  and  *507  for  cir- 
cnlar  and  qnadrangolar  tnbes. 
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<^9 1 B  being  at  right  angles  to  i  o  the  line  bisecting  the 
angle  or  bend,  then,  by  decomposing  the  motion,  the 

head  -—  becomes  ;r-—  X  cos.*  6  from  the  change  of 
direction ;  and  therefore  a  loss  of  head 

(145.)   fcb  =  (1  -  COS.*  2  4>)^  =  sin.*  2  <^  ^ 

2^  ^g 

must  take  place.  When  the  angle  is  a  right  angle, 
as  in  diagram  4,  cos.  2^  =  0,  and  k^  =  ~  ;  that  is 

^g 

to  say,  the  loss  of  head  is  exactly  equal  to  the  theore- 
tical head.    When  the  angle  or  bend  is  acute,  as  in 

diagram  5,  the  loss  of  head  is  (1  +  cos,*  2  ^)  ^r-y  for 

^g 

then  COS.  2  4>  becomes  negative.  Weisbach  does  not 
find  the  loss  of  head  in  a  right  angular  bend  greater 

than  '984  ^—  ;  while  Venturi's  twenty-third  experi- 
ment>  made  with  extreme  care,  p.  298,  shows  the  loss 
to  be  1*876  zr-.    When  the  pipes  are  long,  however, 

A 

the  value  of  ^r-  is  in  general  small,  and  this  correc- 

^9 
tion  does  not  affect  the  final  results  in  any  material 

degree. 

Bennie's  experiments,*  with  a  pipe  15  feet  long,  ^ 

inch  in  diameter,  and  with  4  feet  head,  give  the  dis* 

charge  per  second 

Cubic  Feet 

1.  Straight,  see  table,  p.  146  .     .     .    -00699 

2.  Fifteen  semicircular  bends     •     •     '00617 


*  Philosophical  Transactions  for  1831,  p.  488. 
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3.  One  bend,  aright  angle  8^  inches 

from  the  end  of  the  pipe      •     .     '00556 

4,  Twenty-four  right  angles  .     .     •     '0025S 
From  these  data  may   be    fomid  consecutively,  the 
theoretical  discharge   being   '021885   cubic  feet  per 

second,  and  the  theoretical  head  Hz=  7^  » that 

1.  v  =  -319  V2^H,  and  therefore  h=:    9*82  x  ^ . 

2.  V  =  -282  V  2  flf  H,     „  „     H=  12-58  X  ^-; 

^9 


:}.  V  =  '254  V  2  gr  H,  and  therefore  h  =  15'50  x  g^  >' 


V 


\.  v  =  -116  V  2  flf  H,    „  „        H  =  74-34  X  2"^. 

The  loss  of  head,  therefore,  by  the  introduction  of 
15  semicircular  bends,  is  2-76  « — ;  by  the  introduction 

of  one  right  angle,  5*68  a—  ;  and  by  the  introduction 

if 

of  24  right  angles,  64*52  5—,  or  about  12  times  the 

loss  due  to  one  right  angle.  This  shows  that  the 
resistance  does  not  increase  as  the  number  of  bends, 
as  was  before  remarked,  p.  275,  when  they  are  close  to 
each  other.     The  loss  of  head  from  one  right  angle, 

5*68  o~">  is  more  than  double  the  loss  from  15  semi- 
2  g 

circular  bends,  or  2*76  ^^.      The  loss  of  head  for  a 

^9 

right  angular  bend,  determined  from  Venturi's  experi- 
ment,  is  1-876  o~" ;  formula  (145)  makes  it  -o—  ;  and 
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Weisbach's  empirical  formula,  ('9457  sin.  ^  +  2*047 
sin.*  ^)  o— ,  makes  it  only  "984  g— .       The  formulae 

now  in  use  give,  therefore,  results  considerably  under 
the  truth.  It  appears  therefore,  that  the  amount  of 
the  velocity  of  the  water  moving  directly  towards  the 
bend  must  be  taken  into  consideration,  and  also  the 
loss  of  mechanical  effect  from  contraction,  and  eddies 
at  it,  as  well  as  the  loss  arising  from  the  mere  change 
of  direction. 

BRANCH  PIPES. 

When  a  pipe  is  joined  to  another,  the  quantity  of 
water  flowing  below  the  junction  b,  diagram  1,  Fig.  42, 
must  be  equal  to  the  sum  of  the  quantities  flowing  in 


the  upper  branches  in  the  case  of  supply ;  and  when 
the  branch  pipe  draws  off  a  portion  of  the  water,  as 
in  diagram  2,  the  quantity  flowing  above  the  junction 
must  be  equal  to  the  quantities  flowing  in  the  lower 
branches.  Both  cases  differ  only  in  the  motion  being 
from  or  to  the  branches,  which,  in  pipes,  are  generally 
grafted  at  right  angles  to  the  main,  for  practical  con- 
venience, as  shown  at  b  b,  and  then  carried  on  in  any 
given  direction.     The  loss  of  head  arisiui^  from  change 
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of  direction,  equation  (145),  is  sin/  2  ^  ^,  in  which 

2  <^  =  angle  a  b  o ;  but  as  in  general  2  ^  is  a  right 
angle  for  branches  to  mains,  this  source  of  loss  becomes 


v' 


then  simply   o~~«    In  addition  to  this,  a  loss  of  head 

is  sustained  at  the  junction,  from  a  certain  amount  of 
force  required  to  unite  or  separate  the  water  in  the 
new  channel.  In  the  case  of  drawing  off,  diagram  2, 
this  loss  was  estimated  by  D'Aubisson,  from  experi- 
ments by  Genieys,  to  be  about  twice  the  theoretical 

2v* 
head  due  to  the  velocity  in  the  branch,  or  o~^»    so 

that  the  whole  loss  of  head  arising  from  the  junction  is 
rt — |-rt~  =  o — » or  three  times  the  theoretical  head  due 

to  the  velocity.  In  the  case  of  supply,  the  loss  is  pro- 
bably nearly  the  same.  The. actual  loss  is,  however, 
very  uncertain ;  but,  as  was  before  observed  when  dis- 
cussing the  loss  of  head  occasioned  by  bends,  two  or 

three  times  o~~*  is  in  general  so  comparatively  small, 

that  its  omission  does  not  materially  affect  the  final 
results.  A  loss  also  arises  from  contraction,  &c.  See 
pp.  171,  172. 

The  calculations  for  mains  and  branches  become 
often  very  troublesome,  but  they  may  always  be  simpli- 
fied by  rejecting  at  first  any  minor  corrections  for  con- 
traction at  the  orifice  of  entry,  bends,  junctions,  or 
curves.  If,  in  diagram  2,  Fig.  42,  h  be  put  for  the 
head  at  b,  or  height  of  the  surface  of  the  reservoir 
over  it ;  h^,  for  the  fieJl  from  b  to  a  ;  A^  for  the  fall 
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from  B  to  D ;  {  equal  the  length  of  pipe  from  b  to  the 
reservoir ;  l^  equal  the  length  b  a  ;  {<|  equal  the  length 
B  D ;  r  equal  the  mean  radius  of  the  pipe  b  c ;  r^  the 
mean  radius  of  the  pipe  b  a  ;  r^  the  mean  radius  of 
B  D ;  V  the  mean  velocity  in  b  c  ;  t;»  the  velocity  in 
B  A ;  and  v^  the  velocity  in  b  d,  we  then  find,  by  means 
of  equation  (78),  the  fall  from  the  reservoir  to  a 
equal  to 

(146.)  fe+As=(^r  +  CfX-J2^+^l  +  c,  x-^2^; 
the  fall  from  the  reservoir  to  d  equal  to 

(147.)    fc+ '»*=(<', +  ctxi)^+(l+c;x^j||; 

and,  as  the  quantity  "of  water  passing  from  c  to  b  is 

equal  to  the  sum  of  the  quantities  passing  from  b  to 

A  and  from  b  to  d, 

(148.)  V  7^=v^Tl+v^rl. 

By  means  of  these  three  equations  any  three  of  the 

quantities  A,  ftaj  Ad>  ^>  ^m  ^d>  ^>  ^w  ^d>  can  be  found,  the 

others  being  given.    Equations  (146)  and  (147)  may 

be  simplified  by  neglecting  c,,  the  coefficient  due  to  the 

orifice  of  entry  from  the  reservoir,  and  1,  the  coefficient 

of  velocity.     They  will  then  become 

(148a.)      h+K=c,x  (7X2^+^X2^;> 

and 

(149.)      h+K=c,x(-x^^+-f^x^y 

The  mean  value  of  Cf  for  a  velocity  of  4  feet  per 

second  is  •006741,  and  of  ^,  "0000891,  The  values 
for  any  other  velocities  may  be  had  from  the  table  of 
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coefficients  of  friction  given  at  p.  229.    When  I,  h, 
and  r  are  given,  the  velocity  t;  can  be  had  from  the 

equation,  v  =  (^^  V^),  or  more  immediately  from 
Table  VIII. 


GENERAL  EQUATION  FOB  THE  MEAN  VELOGITT. 

A  general  equation  for  finding  the  whole  head  h, 
and  the  mean  velocity  v,  in  any  channel;  and  to 
extend  equations  (78)  and  (74)  so  as  to  comprehend 
the  corrections  due  to  bends,  curves,  &c.,  can  now  be 
given.  Designating,  as  before,  the  height  due  to  the 
resistance  at  the  orifice  of  entry  by 

h,  and  the  corresponding  coefficient  by  e, ; 

hf  the  head  dne  to  friction,  and  Cg  the  coefficient  of  friction  ; 

h^  the  head  dne  to  benda,  and  \  the  coefficient  of  bends ; 

A,  the  head  dne  to  cmres,  and  c,  the  coefficient  of  cmres  ; 

\  the  head  dne  to  erpgation,  and  c,  the  coefficient  of  erogation ; 

A,  the  head  dne  to  other  resiatances,  and  c,  their  mean  coefficient 

then  evidently 

(160.)  H  =  K  +  Jh  +  K  +  K  +  K  +  K+  2^; 

that  is  to  say,  by  substituting  for  /{,,  hf,  &c.,  their 
values  as  previously  found, 

t;«  I        v^  1? 
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or,  more  briefly, 

/  I  \  v" 

(151.)    H=^l  +  r,  +  c,  x-  +  C5  +  Co  +  Ce+c,J2^; 

from  which  may  be  found 

( M^ )\ 

(152.)    «=  jn.  ^  +  c^  X  ^  +  c,  +  c.  +  c.  +  c, j  • 

It  is  to  be  observed  here,  that  for  very  long  uniform 
channels,  the  value  of  the  mean  velocity  will  be  found 

r  2  .9  r  H  )  ) 
in  general  equal  to  -J  — '—j —  J-  ,  as  the  other  resist- 
ances and  the  head  due  to  the  velocity  are  all  trifling 
compared  with  the  firiction,  and  may  be  rejected  without 
error ;  but,  as  before  stated,  it  is  advisable  in  practice^ 
when  determining  the  diameter  of  pipes,  p.  246,  to 
increase  the  value  of  Cf,  table,  p.  229,  or  to  increase 
the  diameter  found  from  the  formula  by  one-sixth, 
which  will  increase  the  discharging  power  by  one-half. 
See  Table  XIIL 

In  equations  (74)  and  (151),  the  coefficient  of  fric- 
tion Ct  depends  on  the  velocity  v,  and  its  value  can  be 
found  from  an  approximate  value  of  that  velocity  from 
the  small  table  at  p.  229.  If,  however,  both  powers 
of  the  velocity  be  used,  as  in  equation  (88),  then,  when 
H  is  the  whole  head,  and  h  the  head  from  the  surface 
to  the  orifice  of  entry 

(a  i;  +  6  z^  -  +  (1 + c,)  ^  +  A  =  H, 

a  quadratic  equation  from  which  is  found 

r-  (  ^^^-M9r_    .    /  gal  \«U.  gal 
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for  a  more  general  value  of  the  velocity  than  that  given 
in  equation  (74).  If  now  c^  be  put  equal  to  c^  +  Cy^ 
+  Ce  +Ce  +  Cx,  in  equation  (151)  we  shall  find 

(152a.)     t;=^       (H-»)2^r       _^   / gtU \9U_  gal 

for  a  more  general  expression  of  equation  (152),  when 
the  simple  power  of  the  velocity,  as  in  equation  (83), 
is  taken  into  consideration.  For  measures  in  English 
feet,  a  =  -0000223  and  6  =  -0000854,  may  be  taken, 
which  correspond  to  those  of  Eytelwein,  in  equation 
(97).  The  value  of  a  is  the  same  in  English  as  in 
French  measures ;  but  the  value  of  6  in  equation  (83), 
for  measures  in  metres,  must  be  divided  by  3*2809  to 
find  its  corresponding  value  for  measures  in  English 

feet.     In  considering  the  head  o*^  c„  due  to  contrac- 

if 

tion  at  the  orifice  of  entry  as  not  implicitly  comprised 
in  the  primary  values  of  a  and  b,  equation  (83),  Eytel- 
wein is  certainly  more  correct  thanl)'Aubuisson,  Traite 
d'Hydraulique,  pp.  228  et  224,  as  this  head  varies 
with  the  nature  of  the  junction,  and  should  be  con- 
sidered in  connection  with  the  head  due  to  the  velocity, 
or  separately.  .  It  can  never  be  correctly  considered  as 
a  portion  of  the  head  due  to  friction.  In  all  Du 
Buat's  experiments,  this  head  was  considered  as  a 
portion  of  that  due  to  the  velocity,  and  the  whole 

head,  (1  +  c,)  ^,  deducted  to  find  the  head  due  to 

if 

friction  and  thence  the  hydraulic  inclination.  The 
following  values  of  a  and  b  were  those  taken  in  the 
equations  referred  to. 
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VALUES   OF  a  AND  h  FOR   MEASUBES    IN   ENGUSH  FEET. 

a.  h. 

Equation    (88.)  '0000446     '0000944 
(90.)  -0000173    -0001061 
(94.)  -0000248    -0001114 
(98.)  -0000223     -0000854 
(109.)  -0000189    -0001044 
(111.)  -0000241     -0001114 
(114.)  -0000085    -0001150 
Mean  values  for  all^ 
straight  channels,  V  -0000221     -0001040 
pipes,  or  rivers   . ) 
These  mean  values  of  a  and  h  give  the  equation 

r  «  =  -0001040  V   +  -0000221  v, 
from  which  we  find 

9615  r  s  =  t?   +  -21  v, 
and  thence 

(158.)  V  =  (9615  r  «  +  -Oil)*- -105  =  98  VTT  --1, 
very  nearly,  suited  to  velocities  of  about  2  feet,  p.  281. 


HYDROSTATIC  AND  HYDRAULIC  PRESSURE. — ^PIEZOMETER. 

"When  water  is  at  rest  in  any  vessel  or  channel,  the 
pressure  on  a  unit  of  surface  is  proportionate  to  the 
head  at  its  centre,*  measured  to  the  surface,  and  is 
expressed  in  lbs,  for  measures  in  feet,  by  62*5  h  s,  in 

*  This  is  only  correct  when  the  surface  is  small  in  depth  compared 
with  the  head.  If  H  be  the  depth  of  a  rectangolar  sniface  in  feet»  and 
also  the  head  of  water  measured  to  the  lower  horizontal  edge,  then  th<' 
pressure  in  lbs.  is  expressed  by  81}  h'  ;  and  the  centre  of  pressure  is 

at  Jrds  of  the  depth. ' 
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which  H  is  the  head,  and  s  the  surface  exposed  to  the 
pressure,  both  in  feet  measures.  This  is  the  hydro- 
static  pressure.  In  the  pipe  a  b  c  d  f  e.  Fig.  48,  the 
pressure  at  the  points  b,  c,  d,  f,  and  e,  on  the  sides  of 
the  tube  will  be  respectively  as  the  heads  b  6,  c  c,  d  d, 
f/,  and  £  6,  if  all  motion  in  the  tube  be  prevented  by 


T^ 


b  e  d  .         f    e^^-^3 


stopping  the  discharging  orifice  at  e.  In  this  case  the 
pressure  is  a  maximum  and  hydrostatic ;  but  if  the 
discharging  orifice  at  £  be  partially  or  entirely  open, 
a  portion  of  each  pressure  at  b,  c,  d,  f,  &c.,  is  absorbed 
in  overcoming  the  different  resistances  of  Motion, 
bends,  &c.,  between  it  and  the  orifice  of  entry  at  a, 
and  also  by  the  velocity  in  the  tube,  and  the  difference 
is  the  hydravlic  pressure. 

Bernoulli  first  showed  that  the  head  due  to  the 
pressure  at  any  pointy  in  any  tube,  is  equal  to  the 
effective  head  at  that  pointy  minus  the  head  due  to  the 
velocity.  When  the  resistances  in  a  tube  vanish,  the 
effective  head  becomes  ^the  hydrostatic  head,  and  by 
representing  the  former  by  h^  and,  adopting  the  nota- 
tion in  equation  (150), 

Ae£=  H  —  {K  +  *«  +  *o  +  &C.), 

X  2 
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and  consequently  the  head  due  to  the  hydraulic  pres- 
sure equal 

(153a.)    Ap=Aef—  2^=H— (ft^+A,+ftb+&c-)—  2^- 

If  small  tuhes  be  inserted,  as  shown  in  Fig.  48,  at 
the  points  b,  c,  d,  and  f,  the  heights  b  6^,  c  c*,  n  (P, 
F  f^y  to  which  the  water  rises,  will  he  represented  by 
the  corresponding  values  of  \  in  the  preceding  equa- 
tion; and  the  difference  between  the  heights  c  c^,  f/*, 
at  c  and  f,  for  instance,  added  to  the  fall  from  c  to  f 
will,  evidently,  express  the  head  due  to  all  the  resist- 
ances between  c  and  f.  When  h  =  e  «,  and  the 
orifice  at  e  is  open,  from  equation  (150),  h  =  K+hi 

+  h^  +  Kq  +  &c.  +   75 — ,    and   therefore    Ad   =    0, 

that  is,  the  pressure  at  the  discharging  orifice   is 
nothing. 

The  vertical  tubes  at  b,  c,  d,  p,  when  properly 
graduated,  are  termed  piezometers  or  pressure  gauges ; 
they  not  only  show  the  actual  pressure  at  the  points 
where  placed,  but  also  the  difference  between  any  two ; 
D  (i^— b  6^,  for  instance,  added  to  the  difference  of 
head  between  d  and  b,  or  d  d*  will  give  d  d*  —  b  6* 
+  J)  cP  for  the  head  or  pressure  due  to  the  resistances 
between  b  and  d.  This  instrument  affords,  perhaps, 
the  very  best  means  of  determining  the  loss  of  head 
due  to  bends,  curves,  diaphragms,  &c.  The  loss  of 
head  due  to  friction,  bend,  diaphragm,  &c.,  between 
K  and  L,  Fig.  48,  is  equal  toKfc  —  lZ-I-ki?.  Km 
be  the  same  distance  firom  l  as  e  is,  l  {  —  m  m  will  be 
the  height  due  to  the  Mction  (l  and  m  being  on  the 
same  level) ;  therefore  kA  —  LZ+Kt?  —  Li-facm 
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=  K  t  +  Kt;  +  Mm  —  2Liis  the  head  due  to  the 
diaphragm  and  hend  both  together.  If  the  diaphragm 
be  absent,  the  head  due  to  the  bend  is  found,  and  if 
the  bend  be  absent,  the  head  due  to  the  diaphragm  is 
had  in  like  manner. 

When  the  discharging  orifice,  as  at  e,  is  quite  open, 
we  have  seen  that  the  pressure  there  is  zero;  but 
when,  as  at  g,  it  is  only  partly  open,  this  is  no  longer 
th^case,  and  the  hydraulic  pressure  increases  from 
zero  to  hydrostatic  pressure,  as  the  orifice  decreases 
from  the  full  section  to  one  indefinitely  small  compared 
with  it.  A  piezometer,  placed  a  short  distance  inside 
G,  will  give  this  pressure  ;  and  the  difference  between 
it  and  the  whole  head  will  be  the  head  due  to  the 
resistances  and  velocity  in  the  pipe  :  from  which,  and 
also  the  length  and  diameter,  the  discharge  may  be 
calculated  as  before  shown.  Again,  by  means  of  the 
head  m  m^,  and  that  due  to  the  velocity  of  approach, 
the  discharge  may  be  found  through  the  diaphragm  g  ; 
see  equation  (45)  and  the  remarks  following  it.  This 
result  must  be  equal  to  the  other ;  and  in  this  way  the 
formulae  may  be  tested  anew  or  corrected  by  the 
observed  results. 

The  velocity  of  discharge  of  the  tube  a  c  d  e,  may 
be  calculated  by  means  of  any  piezometric  height 
c  c* ;   for  by  putting  the  whole  fall  from  c^  to  e  equal 

to  hJ,  then,  disregarding  bends,  v  =  \ — '    ^   °   *,   in 

which  ij  =  c  E.  This  is  evident  from  equation  (152), 
as  it  is  supposed  that  no  part  of  the  head  is  absorbed 
in  generating  velocity,  or  in  overcoming  the  resistance 
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« 

of  bends.    If  the  bend  at  d  were  taken  into  considera- 
tion,  then  r  = 


SYPHONS. 

If  one  end  of  an  open  tube  be  placed  in  water  and 
the  air  withdrawn,  the  water  will  rise  and  fill  the  tube 
to  a  height  corresponding  to  the  atmospheric  pressure 
at  the  time,  but  in  practice  it  is  advisable  to  reduce 
this  to  about  26  feet.  When  the  tube  is  bent,  as  o  c  r 
in  diagrams  1,  2, 8  and  4,  Fig.  48a,  water  can  be  raised 
to  this  height  over  the  level  of  that  on  the  side  c  o 
and  discharged  at  any  lower  level  on  the  side  o  R. 
The  available  head  or  pressure  /  is  the  difference  of 
level  between  the  upper  and  lower  water  when  the 
latter  rises  over  the  end  r;  and  when  below  r, 
Aj  =  A  +  /,  or  the  difference  of  level  between  the 
upper  water  and  the  lower  end  of  the  bent  tube  or 
S}'phon  is  the  head.  It  is  advisable  to  have  the  lower 
end  R  immersed,  and  hence  c  r  longer  than  c  o,  but 
this  is  not  essential ;  as  long  as  there  is  an  effective 
head  the  arms  may  be  of  the  same  or  unequal  lengths, 
and  the  water  will  flow  off  at  r,  from  the  syphon  o  c  r, 
as  well  as  at  r  from  the  syphon  o  c  r,  but  with  the 
difference  of  velocity  due  to  the  heads  at  r  and  r. 
The  lengths  of  the  arms  c  o,  c  r,  are  however  made  to 
suit  the  circumstances  of  each  case.  In  diagram  1 
the  upper  water  is  at  the  top  of  the  syphon;  in  2  below 
it ;  in  8  above  it.  In  diagram  4  the  arms  of  the 
S3T)hon  are  of  the  same  length  and  the  orifice  of  entry 
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o  and  of  discharge  b  at  the  same  level.  The  water  in 
both  vessels  finally  settles  at  a  common  level  t  t^,  and 
fills  the  syphon  all  round  in  which  it  is  maintained  at 


rest  by  the  atmospheric  pressure  on  the  surface  of  the 
common  level  t  t^. 

In  calculating  the  discharge  the  circumstances  to  be 
considered  ai'e  :  The  available  or  eflfective  head  /; 
the  form  of  the  orifices  of  entry  at  o  and  of  discharge 
at  b;  the  length;  the  hydraulic  mean  depth  of  the 
section, — rectangular  or  circular ;  and  the  bend  at  c 
with  any  smaller  bends  adjoining  o  and  b  to  suit  the 
form  o  0  B  of  the  weir.  If,  as  like  in  formula  (68)  to 
(70l),  a  be  put  for  the  area  of  the  section,  then 

ic^a  V  2gf,  or 

(154.)      D  =  s  481'5  Cd  a  V^i  feet  measures  in  one 

i  minute, 

in  which  the  value  of  c^  depends  on  the  preceding  con- 
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siderations.  At  pp.  146  and  199  the  values  of  c^  for 
velocities  of  about  eighteen  inches,  and  twenty  feet,  are 
given,  and  by  interpolation  intermediate  values  for  in- 
termediate or  even  higher  velocities  can  be  determined ; 
the  effects  of  bends  are  considered  pp.  291  to  300, 
and  taldng  both  together  e^  can  be  foimd  suited  to  the 
form  and  dimensions  of  the  given  syphon. 

If  the  length  of  the  syphon  —  which  is  generally 
rectangular  for  engineering  works — be  50  times  the 
hydraulic  mean  depth,  that  is  equivalent  to  12|  mean 
diameters,  then  the  table  p.  199  gives  '759  for  the 
value  of  Cd  in  a  straight  tube.  Taldng  the  coefficient 
due  to  the  bend  at  about  '867,  the  value  of  c^  due  to 
the  length  of  this  syphon  and  to  the  bend  at  the  crest 
of  the  weir,  is  '759  x  -867  or  '658.  Hence  eqn.  (154) 
becomes  in  round  numbers 

'  D  =  817  a  V/.     for  a  length  of    50  mean 

radii;  also  may  be  found 

D  =  298  a  V  /  for  a  length  of  100  mean 

>     radii;  and 

D  =  268  a  VXfor  a  length  of  200  mean 
\  radii, 

for  the  discharge  in  cubic  feet  per  minute.  If  the 
syphon  were  longer  in  proportion  to  the  hydraulic 
mean  depth,  these  results  would  become  still  less,  and 
more  if  the  orifice  of  entry  were  rounded. 

In  Weale's  Quarterly  Papers  of  Engineering, 
vol.  vi.,  p.  51,  Mr.  Mallet,  in  a  letter  dated  10th  Aug., 
1843,*  addressed  to  Major-General  Sir  John  F.  !3ur- 

♦  At  this  time  Sir  John  evidently  appears  to  have  lost  faith  in  lon^ 
solid  weirs  as  a  panacea  for  the  Shannon  drainage,  and  in  the  self-esteem 
of  the  Shannon  Commissioners  on  this  hobby  of  theirs. 


(164a.) 
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goyne,  K.E.,  then  Chairman  of  the  Board  of  Public 
Works  in  Dublin,  gives  the  result  of  experiments  on  a 
rectangular  syphon  tube  with  a  section  of  six  inches 
wide  by  one-and-a-half  inch  deep,  or  area  of  nine 
square  inches.  The  length  of  the  syphon  is  not 
given,  but  from  the  drawings  given  we  infer  it  to  be 
SO  inches,  and  of  the  general  form  given  in  diagrams  1, 
2  and  8,  Fig.  48a,  but  "slightly  bell-mouthed"  at  the 
"  entrance  and  discharging  terminations."  A  straight 
tube  of  the  same  length  and  form  was  made,  and  the 
time  of  discharging  ^4  cubic  feet  of  water  from  each 
with  the  same  heads  was  as  follows  : — 


Heads  in  inches. 

Time  in  seconds 
for  syphon. 

Time  in  seconds 
for  straight  tube. 

13^ 

78 
67i 

67 
59 

The  head  of  lOJ  inches  gives  by  calculation  from 
these  experiments,  *860  for  the  coefficient  of  discharge 
due  to  the  bend  over  the  crest ;  and  the  head  of  13 J 
inches,  a  coefficient  of  '874 ;  which  shows  that  the 
resistance  from  the  bend  was  less  for  a  greater  velocity. 
Mr.  Mallet  also  found  that  with  an  effective  head  of 
8  inches,  24  cubic  feet  were  discharged  in  89  seconds. 
This  gives,  by  calculation,  the  coefficient  '658  for  all 
the  resistances  due  to  the  orifice  of  entry  friction  in 
the  tube  and  bends.  Taking  the  coefficient  of  the 
bend  here  at  *850  as  due  to  a  lesser  head,  this  gives 
'774  for  that  due  to  friction  and  the  orifice  of  entry. 
Another  experiment,  with  a  head  of  11|  inches,  gave  a 
discharge  of  24  cubic  feet  in  78  seconds.      Tliis  is 
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equivalent  to  a  coefficient  of  '636  for  all  resistances, 
and  dividing  by  '860  for  the  bend,  '740  is  found  for  the 
friction  and  orifice  of  entry.     Again 


ExporimentB,  dischaige  of 
24  cubic  feet. 

Calculated  results. 

Headft  in 
inches. 

Time  In 
seconds. 

Oenenl 
coefficient. 

Coefficient 
for  bend. 

Coefficient 
for  friction 
and  orifice. 

12J 

13 

144 

75i 

78 

67i 

■682 
•631 
•640 

•860 
•860 
•874 

•738 
•734 
•732 

The  effective  head  here  to  calculate  the  results  from, 
exceeds  by  |  inch  or  half  the  depth  of  the  tube,  that 
taken  by  Mr.  Mallet,  as  in  the  effective  head  taken  by 
him  this  is  omitted,  but  the  8-inch  head  agrees  with 
that  he  has  taken,  the  error  being  eliminated  by  taking 
a  difference.  Taking  the  mean  general  coefficient  of 
these  results  at  '636,  the  discharge  is  expressed  by  the 
equation 

(154b.)  d  =  481-5  X  -636  a  s/J=  306  a  \/X 
the  discharge  in  cubic  feet  per  minute  for  feet  measures. 
This  is  less  than  that  before  given  by  our  eqn.  (154a)  by 
about  3  J  per  cent. 

The  application  of  the  syphon  for  the  discharge  of 
surplus  waters  is  of  great  value,  and  the  head  can  be 
increased  to  any  extent  not  exceeding  the  difference  of 
level  between  the  upper  and  lower  water.  It  is  not  the 
object  here  to  enter  into  the  question  of  construc- 
tion, or  the  means  of  withdrawing  the  air  or  putting 
the  apparatus  to  work,  but  a  comparison  between  its 
advantages,  lifting-sluices,  and  Les  Barrages  Hatisses 
Mobiles  has  been  already  entered  into  at  p.  291. 


OniFICES,    WEIRS,   PIPES,   AND  RIVERS,  315 


SECTION  XII. 

RAIN-FALL.  —  CATCHMENT  BASINS. — DISCHARGES  INTO 
CHANNELS. — DISCHARGE  FROM  SEWERS. — LOSS  FROM 
EVAPORATION,  ETC, 

A  catchment  basin  is  a  district  which  drains  itself 
into  a  river  and  its  tributaries.  It  is  bounded  gene- 
rally by  the  summits  of  the  neighbouring  lulls,  ridges, 
or  high  lands  forming  the  water-shed  boundary;  and 
may  vary  in  extent  from  a  few  square  miles  to  many 
thousands ;  that  of  the  Shannon  is  4,544  square  miles. 
The  average  quantity  of  water  which  discharges  itself 
into  a  river  will,  cateris  'paribus,  depend  on  the  extent 
of  its  catchment  basin,  and  the  whole  quantity  of  rain 
discharged  on  the  area  of  the  catchment  basin,  includ- 
ing lakes  and  rivers. 

The  quantity  op  rain  which  falls  annually  varies 
with  the  district  and  the  year;  and  it  also  varies  at 
different  parts  of  the  same  district.  The  average 
quantity  in  Ireland  may  be  taken  at  about  84  inches 
deep,  that  which  falls  in  Dublin  being  27  inches,  in 
Armagh,  average  of  14  years,  35  inches ;  in  Killaloe, 
average  of  17  years,  43  inches ;  in  Galway,  average  of 
11  years,  46  inches;  and  that  in  Cork  41  inches 
nearly.  The  average  yearly  fall  in  Dublin  for  seven 
years,  ending  with  1849,  was  26*407  inches ;  and  the 
maximum  fall  in  any  month  took  place  in  April,  1846, 
being  5*082  inches.  "  The  average  fall  in  inches  per 
month  for  seven  years,  ending  with  1849,  was  as 
follows: — October,  3*060;  August,  2*936;   January, 
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TABLE  of  some  Catchment  Bcuins  in  Ireland. 


Names  of  Drainage  dlBtiicts, 
or  RiTera. 


ATonmore 

Avooa  River  .... 
Ballinaaloe  .    . 

Barrow,  Nore,  and  Buir 
Blackwater  and  fioyne    .    . 
Blackwater    .... 
Blackwater  ... 

Blackwater    .... 
Bandon  River   .       . 
Batrn,  Upper  and  Lower,  and 

the  Main 
Boyne     

Brusna  (Ferbane)  .    . 

Ballvteigue    .... 
BalUnamore  and  BaUyoonnel 


Breeogue   . 

HalUnnaflnig  . 
Cappagrh     . 
Cooianey 
Camoge 
Dunmore 


Dodder 
Deel 
Dee    . 
Erne 
Foyle . 
Fergoa 
Fane  . 
Olyde 


Counties  or  Towns. 


Wicklow  and  Wexford 

Wicklow. 

Mayo. 

Waterford 

Meath.  Ac. 

Waterford,  Toughal 

Armagh 

Meath  and  Kildare 

Cork  .... 


Inny 


Kilbeggan      .... 
Liffey  and  Tolka  .    . 

Lough  Gflx«  and  Mantua  .    . 
Lougha  Oughter  and  Oowna 

and  EUver  Erne  . 
Lough  Neagh  and  Bann  .    . 

Lough  Mask  and  River  Robe 
Loughs   Corrib,  Mask,  and 

Cura 

Longford 

Moy 

Main 

Monivea 

Maghera 

Nobber 

Quoile 

Rinn  and  Black  River  . 
Strokestown      .        .        .     . 
Shannon  above  Killaloe 


Slaney 


Down,  Antrim 

Meath,  Westmeath,  Kildare 

and  King's 
King's    . 
Wexford    . 
Cavan,  Fermanagh,  Leitrtm, 

and  Roscommon 
SUgo  . 
Cork       . 
Galway 
SUgo 

Limerick   . 
Oalway,  Mayo,  and  Boscom 

mon    .... 
Dublin 

Meath  and  Westmeath . 
Louth  and  Meath 
Belturbet,  Enniskillen . 
Londonderry     . 
Clare  and  Galway . 
Louth 
Louth,    Meath,    Monaghan, 

andCavan  . 
Meath,   Westmeath,    Long 

ford,  and  Cavan . 
Westmeath  and  King's 
Dublin,  ftc.    . 
Cork  .... 
Roscommon,  Mayo,  and  SUgo 

Cavan,  Leitrim,  and  Longford 
Londonderry,  Antrim,  Down, 

and  Armagh 
Mayo  and  Galway 

Galway  and  Mayo 

Longford   . 
Mayo,  Ballina 
Antrim       .        . 


Galway  . 

Down 

Meath 

Down 

Loitrim  and  Longford 

Roscommon 

Different  counties,  towns  of 

Athlone,  Limerick 
Wexford    . 


o  o 


6 


138,000 
179,840 

70,000 

2,176,000 

605,040 

780,160 

SS6,640 

50,000 
145,920 

810.240 

804,189 

389,120 

26,752 

101,455 
180,408 
23,500 
34,856 
90,744 
61,184 

96,161 

35,200 

64,000 

78,000 

1,014,400 

944,640 

134,400 

87,400 

176,813 

231,116 
88.030 
328.820 
470,400 
128,000 

260,480 

1,411,320 
225,000 

780.000 

72,320 

661,120 

37,600 
54,000 
19,000 
40,000 
67,000 
74,000 
70,000 

2,908,ir>0 
521,000 


«^  (3  g 

o  S  S  • 


I 


200* 

281- 

110- 

3400- 

1086* 

1219- 

526- 

781 


1266- 

478-2 
608- 
41-S 

158*6 

282* 
36-7 
54-4 

141-8 
95-6 

150-2 
65- 
100- 
121-9 

1585- 

1476- 
210- 
136  « 

276-3 

361-1 

137-5 

513-0 

785- 

200- 

407- 

2205-2 
851*5 

1218  7 

118  0 

1033- 

90* 

84-4 

29-7 

62-3 

89-1 

115-6 

109-4 

4544- 

815" 
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TABLE  showing  Summer  Discharges  of  some  English  Rivers,  as  eoh 
Ueled  from  various  authorities,  re-arranged,  slwwing  to  some  extent 
the  effect  of  Springs  in  supplying  Channels  in  different  places. 


NAMES  OF  RIVERS. 


Gade,  at  Hahton 
Bridge,  chalk    . 

Lea,  at  Lea  Brid^, 
chalk.  (Bennie, 
April,  1796) 

Loddon  (Feb.  1850), 
green  sand    .     . 

liMway,  driest  sea- 
sons (Rennie, 
1787),  clay 

Medway,  ordinaiy 
summer  ran 
(Rennie,  1787), 
clay  . 

Mimram,  at  Pan- 
shanger,  chalk  . 

Nene,  at  Peterbo- 
roujD^h,  oolites, 
Oxford  clay,  and 
lias  .     . 

Plym,  at  Sheepstor, 
granite 

Severn,  at  Stone- 
bench,  Silurian  . 

Thames,  at  Staines, 
chalk,  ereen  sand, 
Oxford  clay, 
oolites,  kc.    .    . 

Trent,  at  its  mouth, 
oolites  and  Ox- 
ford clay    . 

Verulam,  atBushey 
Hall,  chalk 

Wandle,  below  Car- 
shalton,  chalk    . 


II 

Valley.   HOL 


150  to  500 

30  to  600 
110  to  700 


200  to  500 

10  to  600 
800  to  1,500 
400  to  2,600 

40  to  700 

100  to  600 

150  to  500 

70  to  350 


a 


Is 

Is 


69*5 

570-0 
221-8 

481-5 

481-5 
29-2 

620-0 

7-6 

8,900 

3,086 

3,921 

120-8 

41-0 


II 


8. 
it 

Q 


2,500 

8,880 
3,000 

2,209 

2,520 
1,600 

5,000 

500 

33,111 

40,000 


1,800 
1,800 


its 

Hi 


36-2 

15-58 
13-53 

4-59 

5-23 
51-4 

8-45 
71-4 
8-49 

12-98 


14-9 
43-9 


4 

n 


1^ 


8-19 

3-53 
3-01 

1-04 

2-19 
11-58 

1-88 

15-10 

1-98 

2-93 


3-37 
9-93 


*    a 


25-4 


26-6 

28-1 
45-0 


24-5 


24-0 
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2-644;  April,  2'508;  November,  2-300;  July,  2-116; 
June,  2-005;  December,  1-938;  September,  1-860; 
May,  1-814;  March,  1-739;  Febraary,  1-534."*  A 
gauge  at  Londonderry,  1795  to  1801,  gives  31  inches 
average ;  one  at  Belfast,  from  1836  to  1841,  gives  35 
inches;  at  Mountjoy,  Phoenix  Park,  182  feet  above 
low  water,  1839  and  1840,  there  is  an  average  of  83 
inches ;  and  at  the  College  of  Surgeons,  52  feet  over 
low  water,  the  average  is  30  inches  for  the  same  two 
years.  Sir  Robert  Kane  assumes  that  36  inches  is 
the  average  fall  in  Ireland,  and  that  out  of  that 
depth  12  inches,  or  one-third,  passes  on  to  the  sea, 
two-thirds  being  evaporated  and  taken  up  by  plants. 
The  quantity  varies  a  good  deal  with  the  altitude 
of  the  district.  In  parts  of  Westmoreland  it  rises 
sometimes  to  140  inches;  in  London,  an  average 
of  20  years'  observations  gives  a  fall  of  nearly  25 
inches. 

The  tabular  information  has  been  obtained  from  Mr. 
Hughes'  book,  from  Bennie's  reports,  and  other 
sources.  The  effect  of  the  geology  and  fissures  in  the 
chalk  and  mountain  limestone  formations  on  the 
springs  of  a  catchment  basin,  and  on  the  summer 
discharge,  should  be  carefully  noted  as  one  of  the 
elements  entering  into  catchment  basin  statistics. 
Indeed,  the  maximum  and  minimum  discharges  from 
catchments  are  of  as  much  importance  to  the  engineer 
as  the  averages,  and,  for  many  purposes,  more  impor- 
tant. There  was  abundant  opportunity  of  acquiring 
this  information  for  all  our  Irish  rivers,  but  we  are  not 
aware  if  it  was  turned  to  any  useM  account  for  science. 

*  Proceedings  of  the  Royal  Irish  Academy,  vol.  v.,  p.  18. 
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Thorough-drainage  increases  the  supply  and  dis- 
charge. Every  catchment  basin  has,  however,  its  ovm 
peculiar  data,  and  a  knowledge  of  these  is  necessary 
before  we  can  draw  any  correct  conclvsions  for  new 
waterworks  in  connection  toith  it  It  may  be  remarked, 
however,  that  any  conclusions  drawn  from  experiments 
on  the  supply  of  tributaries,  particularly  in  high  dis- 
tricts, are  wholly  inapplicable  to  the  main  channel  into 
which  they  flow.  The  flow  into  tributaries  and  mountain 
streams,  or  rivers,  is  always  more  rapid  than  into  main 
channels  and  rivers  in  flat  districts,  and  the  supply 
trojn  springs  often  forms  a  large  portion  of  the  water 
flowing  in  them.  Heretofore,  however,  little  depend- 
ence can  be  placed  on  gaugings  unless  the  manner  in 
which  they  were  obtained  was  faUy  described. 

Forty  years'  observation  at  Greenwich,  Kent,  at  165 
feet  above  the  level  of  the  sea,  gives  the  following 
results : — 


Beseription  of  fslL 

Winter. 

Spring. 

Summer. 

Bntire 
years. 

Mean  annual  fall  .        . 

Maximum  fall ;  being  a  mean  of 
five  of  the  wettest  yean  daring 
forty  years     .... 

Minimum  fall ;  being  a  mean  of 
five  of  the  driest  years  during 
forty  years 

inches 
7-86 

11-06 

5-22 

indies 
7-26 

10*86 

4-05 

inches 
10-47 

14-96 

6-80 

inches 
(25-48 
(25-58 

84-00 
36-87 

J 18-40 
J 16-07 

In  this  table  Winter  comprises  November,  December, 
January,  and  February;  Spring,  the  next  four  months ; 
and  Summer,  the  months  of  July,  August,  September, 
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and  October.  The  last  column  contains  means  of  two 
classes  of  years :  the  first  figures  showing  the  ordinary 
years  firom  January  to  December,  and  the  second, 
under  the  first,  .years  from  November  to  October.* 
We  see  here  that  the  mean  maximum  is  fiiUy  double 
of  the  mean  minimum,  and  about  one-and-a-half 
times  the  mean  annual  fall,  and  therefore  the  necessity 
for  calculating  from  the  minimum  fall  for  all  water 
works  in  which  it  is  an  element,  and  from  the  maxi- 
mum for  sewerage  works  where  it  is  not  intended  to 
pass  off  a  portion  on  the  surface  or  through  other 
available  channels. 

In  the  district  surrounding  the  Upper  Bann  re- 
servoirs in  the  County  Down,  the  average  fall  for 
thirteen  years  has  been  46  inches  at  a  level  of  6  feet 
over  the  top  water  of  Lough  Island  Heavy  Reservoir ; 
and  Mr.  John  Smith,  the  engineer  of  the  work,  says 
that  there  is  a  loss  of  one-third  in  absorption  and 
evaporation;  but  as  the  rainfall  is  greater  on  the 
higher  ground  than  at  the  gauge,  only  one-half  of  the 
whole  rainfall  is  probably  available.  Mr.  Manning 
found  for  the  Woodbume  river,  with  a  rainfall  of  36 
inches,  a  flow  of  21*5  inches  was  produced,  or  about 
three-fifths,  which  was  distributed  as  follows : — 

Six  months,  November  to  May,  14"766  fall,  and 
14-851  flow ; 

Six  months,  May  to  November,  21*101  fall,  and 
7-357  flow. 
In  Keswick,  the  average  fall  is  said  to  be  67^-  inches, 
and  in  Upminster,  Essex,  only  19^  inches.    Indeed,  it 

*  See  Mr.  James  Simpson  in  the  Metropolitan  Main  Drainage  Re- 
port, 1857,  p.  116. 
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is  requisite  to  obtain  the  fall  from  observation  for  any 
particular  district,  when  it  is  necessary  to  apply  the 
results  to  scientific  purposes ;  and  not  the  mean  average 
fall  alone,  but  also  the  maximums  and  minimums  in  a 
series  of  years  and  months  in  each  year. 

Mr.  Symons  gives  (see  Builder  for  1860,  p.  230) 
the  following  heavy  falls  of  rain  during  1869: — 
Wandsworth,  June  12th,  2'17  inches  in  two  hours; 
Manchester,  August  7th,  1*849  inches  in  twenty-four 
hours;  Southampton,  September  26th,  2*05  inches  in 
two-and-a-quarter  hours;  Truro,  October  25th,  dur- 
ing the  day,  2*4  inches.  The  mean  falls  in  the  South 
Western  Counties,  89'1  inches ;  in  the  South  Eastern 
Counties,  80*2  inches ;  in  the  West  Midland  Counties, 
28  inches ;  in  the  Eastern  Counties,  25*4  inches ;  in 
the  North  Midland  Counties,  24  inches  ;  in  the  North 
Western  Counties,  89  inches ;  in  the  Northern  Coun- 
ties, 56  inches ;  and  the  average  of  all  England,  81*857 
inches. 

As  an  instance  of  extraordinary  rain-fall,  in  con- 
nection with  the  sewage  question,  it  is  stated  that  4 
inches  of  rain  fell  in  one  hour  in  the  Holbom  and 
Finsbury  sewers'  district,  on  the  1st  of  August,  1846 ; 
at  Highgate,  8*5  to  8*8  inches ;  and  at  Greenwich, 
0*96  inches.*  In  India,  the  intensity  of  the  rain-fall 
varies  from  half  an  inch  to  6  inches  in  an  hour. 

In  the  upland  districts  about  Manchester,  Mr. 
Homershamt  gives  the  result  of  observations  at 
Fairfield,  Bolton,  Bocksdale,  Marple,  ComUs  reser- 
voir, Belmont,   Chapel-en-le-Frith,  and  Whiteholme 

*  MetropoUtan  Bfain  Drainage  Report,  p.  16. 

t  Report  on  the  Supply  of  Water  to  Manchester. — ^Weale. 
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reservoir,  for  four  years.  These  give  a  maximum  fall 
of  61 '4  inches  at  Belmont  Sharpies  in  1847,  and  a 
minimum  of  24*8  at  Whiteholme  reservoir  in  1844, 
the  general  average  for  the  four  years  being  42*49 
inches. 

April  is  the  driest  month,  and  October,  or  about  it, 
the  wettest  montli,  and  the  fall  during  different  years 
varies  sometimes  as  much  as  two  to  one  in  the 
same  district. 

The  proportion  between  the  quantity  which  falls, 
and  that  which  passes  from  a  catchment  basin  into 
its  river,  also  varies  very  considerably.  When  the 
sides  of  a  catchment  basin  are  steep  and  staunch,  and 
the  water  passes  off  rapidly  into  the  adjacent  river  or 
tributaries,  there  is  less  loss  by  evaporation  and  perco- 
lation than  when  they  are  nearly  flat.  The  soil, 
subsoil,  and  stratification  have  also  considerable  effect 
on  the  proportion.  Beservoirs  being  generally  con- 
structed adjacent  to  steep  side  falls,  give  a  much  larger 
proportion  of  the  quantity  fallen  than  can  be  obtained 
from  rivers  in  flatter  districts ;  besides,  the  quantity  of 
rain  which  falls  on  the  high  summits,  near  reservoirs, 
almost  always  considerably  exceeds  the  average  fall. 
As  640  acres  is  equal  to  1  square  mile,  and  one  acre  is 
equal  to  43,560  square  feet,  a  fall  of  one  inch  of  rain 
is  equal  to  8,630  cubic  feet  per  acre,  and  to  3,630  x 
640  =  2,323,200  cubic  feet  per  square  mile  :  the  pro- 
portion of  this  fall,  for  each  acre,  or  square  mile  of 
the  catchment  basin,  which  enters  the  river,  must 
depend  entirely  on  the  district  and  local  circumstances, 
the  full  or  maximum  quantity  being  retained  on  lakes. 
A  stream  delivering  53  cubic  feet  per  minute  constantly 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS^ 


328 


for  twelve  months  supplies  an  equivalent  to  12  inches 
of  rain-fall  collected  per  square  mile,  and  1  inch  of 
rain  collected  from  each  square  mile  of  catchment 
gives  a  supply  ^f  4*42  cubic  feet  per  minute,  and 
6*9  cubic  feet  for  each  1000  acres,  flowing  in  both 
cases  for  twelve  months. 


FLOW  EQTTT^ALEirr  TO  A  RAIK-FALL  OF  ONE  INCH  ON  EACH  SQUARE 
MILE,  AND  1000  ACBES;  FLOWING  BSGULARLY,  WITHOUT  LOSS,  FOR 
ONE  MONTH  TO  ONE  TEAR. 
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It  is  too  often  taken  for  granted  that  the  discharge 
from  a  catchment  basin  takes  place,  into  the  conveying 
channels,  in  nearly  the  same  time  that  a  given  quantity 
of  rain  falls.  Perhaps  the  largest  registry  on  record 
in  Great  Britain  is  a  fall  of  four  inches  in  an  hour. 
The  maximum  fall  in  any  hour  of  any  year  seldom 
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exceeds  half  of  this  amount,  and  then  perhaps  only 
once  in  several  years.  The  quantity  which  fidls  mil 
not  he  discharged  into  the  channels  in  the  same  time. 
The  quantity  discharged,  and  time,  wUl  depend  a  good 
deal  on  the  season  and  district.  The  arterial  channel 
receives  the  supply  at  different  places  and  from 
different  distances,  and  the  water  in  passing  into 
and  from  it  does  not  encounter  the  same  amount 
of  resistance  as  if  it  all  passed  first  into  the  upper 
end.  Less  sectional  area  is  therefore  necessary 
than  if  the  whole  discharge  had  to  pass  through  the 
whole  length  of  the  channel  and  during  the  time  of 
fall.  The  relation  of  the  quantity  of  rain-fall  to  the 
portion  which  flows  into  the  main  channel,  as  well  as 
the  time  which  it  takes  to  arrive  at  it,  and  the  places 
of  arrival,  must  he  known  before  the  proper  size  of  a 
new  channel  can  be  determined,  particularly  sewers  in 
urban  districts.  A  pipe  sufficient  to  discharge  the 
water  from  200  acres  need  not  be  20  times  the  dis- 
charging power  of  one  exactly  suited  to  10  acres  of 
the  same  district,  for  the  discharge  from  the  outlying 
190  acres  will  not  arrive  at  the  main  in  the  same  time 
as  that  from  the  adjacent  10  acres. 

The  following  table  of  rain-fall,  at  Athlone,  central 
*in  Ireland,  was  furnished  to  the  Eoyal  Irish  Academy 
by  General  Sir  H.  D.  Jones,  and  is  printed  in  the 
Proceedings.*  The  average  for  four  years  gives  29 
inches,  and  the  effect  on  the  Upper  and  Lower  Sills 
of  the  Lock  as  affecting  the  rise  and  fall  of  the 
Shannon,  affords  valuable  data,  although  not  analysed. 
The  rise  and  fall  on  the  sills  is  the  sum    of  the 

♦  Vol.  ir. 
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monthly  risings  and  fallings  for  each  year,  and  must 
be  divided  by  12  to  get  the  average  monthly  rise  and 
fall.  In  1845  the  greatest  rise  was  in  January,  2  feet 
9  inches  at  the  upper  sill,  and  S  feet  11^  inches  at  the 
lower  sill.  In  1846  the  greatest  rise  was  2  feet  5 
inches  in  October,  at  the  upper  sill ;  and  5  feet  6^ 
inches  on  the  lower  sill,  in  August. 


Upper  Sill. 

Lower  Sill. 

Maximum  rise  in 

Maximum  rise  in 

one  montk. 

one  month. 

1845    .     . 

.     2  ft.  9  in.  January 
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1848    .     . 
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.     .     4  ft  11    in.  Febroary 

■  

The  sum  of  the  risings  and  fallings  for  each  month, 
taken  as  a  mean  of  four  years,  is  nearly  the  same 
at  either  sill.  The  general  average  of  the  rise  and 
fall  for  the  upper  sill,  is  about  1  foot  8|  inches  each 
way,  and  1  foot  lOf  inches  at  the  lower  sill.  These 
would  give  2  feet  7  inches  for  the  average  difference 
of  level  in  the  Shannon  above,  and  8  feet  %\  inches 
for  that  in  the  Shannon  below.  In  Lough  Allen 
catchment  of  146  square  miles,  the  maximum  rise 
was  sometimes  6  inches  in  24  hours,  calculated  at 
•668  inch  of  depth  of  rain,  over  the  catchment  area. 
Above  KiUaloe,  the  catchment  is  8611  square  miles, 
and  the  floods  about  once  a  year  rose  6  inches  in 
24  hours,  or  '296  inch  in  depth  of  rain  over  the 
catchment.  Once,  in  1840,  it  is  reported  to  have 
risen  12  inches,  or  '6  inch  of  rain  over  the  catchment 
in  one  day.  "  The  greatest  observed  flood  in  the 
Shannon  occurred  in  January,   1853,  when  the  dis* 
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charge  of  Killaloe  marked  1,617,000  cubic  feet  per 
minute,  or  '699  cubic  foot  per  acre  of  catchment. 
The  large  floods  in  the  Armagh  river,  county  Galway, 
yield  from  8  to  10  cubic  feet,  and  a  summer  flood  in 
1851   gave   18*02  cubic  feet    per    minute    for    each 


acre. 


»« 


MAXimnC  DISCHARGES  OF  THE  SHAlOrON  AND  EBNE,   AND  A 
TRIBUTABT  OF  THE  LATTEB,   THE  WOODFORD  RIVER. 
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These  results  show  how  difficult  it  is  to  draw  any 
inference  from  discharge  and  area  of  catchment  alone, 
as  the  discharge,  per  minute  per  acre,  must  vary  with 
the  contour  and  elevation  of  the  district  in  the  same 
course ;    and    with    the   climate,   also,    in    different 


*  Vide  Proceedings  of  the  Institution  of  Civil  Engineers,  Ireland, 
vol  Y.  pp.  165  and  166,  and  Paper  read  hj  Thomas  J.  Molvany,  11th 
February,  1851,  voL  It.  p.  21. 
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countries*  We  have  ourselves  observed  the  maxi- 
mum discharges  to  vary  up  to  6  cubit  feet  per  minute 
per  acre,  the  lesser  maximums  beiag  due  to  broad 
fiat  districts,  and  the  greater  maximums  to  higher 
and  steeper  districts,  near  the  sources.  In  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.,  from  which  we  have  collected  and 
arranged  some  of  the  foregoing  information,  it  is 
stated,  p.  96,  that  the  ratio  of  the  discharge  to  the 
rain-fall,  on  a  catchment  on  the  Glyde,  of  79,438 
acres,  for  three  months,  ending  March  ISth,  1851, 
was  1*49  to  1  up  to  January  18th ;  1*89  to  1  up  to 
February  18th;  and  8-86  to  1  up  to  March  18th, 
making  a  general  average  of  1*59  to  1 ;  the  whole 
rain-fall  for  the  three  months  being  only  6*89  inches, 
while  the  discharge  was  9*85  inches !  We  fancy  there 
is  a  mistake  here.  The  whole  catchment  of  the  Glyde 
is  176,818  acres,  and  there  is  no  data  to  show  the 
discharge  previous  to  or  after  the  rain-fall  from  which 
to  calculate  the  difference  due  to  it  per  se  for  the  three 
months ;  nor  is  the  place  or  method  of  gauging  stated. 
The  supply  from  springs  and  the  actual  discharge 
before  and  after  rain-fall  must  be  correctly  gauged 
before  the  proportion  passing  into  the  main  channel  in 
a  given  time^  can  be  properly  estimated ;  the  results 
just  stated  clearly  contradict  themselves.  The  fol- 
lowing anomalous  results  from  p.  47  of  the  same  work 
are  also  worthy  of  note.  In  five  different  districts  the 
discharge  is  gauged,  or  estimated,  greater  than  the 
fall,  as  shown  in  the  following  table.  It  is  not  stated, 
however,  if  the  depths  passed  off,  estimated  ovei:  the 
catchments,  include  the  fiow  before  the  commencement 
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of  the  rain.     If  so  the  results  are  so  far  useless ;  and 
if  they  do  not  include  it,  there  must  be  an  error  some- 
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.  where.  Indeed,  in  the  Kobe  we  have  evidence  that 
not  more  than  58  per  cent,  passed  from  the  catchment 
to  the  river,  from  Mr.  Betagh's  valuable  paper,  the 
results  of  which  are  arranged  below.  Also,  in  July, 
1850,  it  is  shown  that  in  the  Lannagh  district  only 
*58  inch  in  depth  passed  off  the  catchment  from  a  fall 
of  1*88  inches,  or  about  one-third  of  the  depth.  The 
method  of  determining  this  was  unobjectionable. 
Where  such  discrepancies  as  above  exhibited  exist, 
it  is  important  that  the  method  of  gauging,  and  the 
whole  calculation,  should  be  shown,  in  order  that 
other  engineers  should  be  able  to  judge  of  their 
accuracy ;  otherwise  the  results  should  be  rejected,  no 
matter  under  whose  authority  they  may  be  published. 
But  during  the  operations  of  the  Arterial  Drainage 
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Commission  in  Ireland,  from  1845  up  to  the  year 
1858,  science  was  at  a  discount. 

The  following  information  has  been  collected  and 
arranged  by  us  from  a  paper  by  Mr.  Betagh,  in  the 
I^roceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iy.  In  January  1851,  8*41  inches  of  rain 
fell  in  seven  days,  producing  the  ma^dmum  dischai^e 
of  85,886  cubic  feet;  while  in  December  1852,  8-17 
inches,  also  falling  in  seven  days,  produced  115,656 
for  the  maximum.    At  the  beginning  of  the  first  fall 

TABLES  blowing  in  detail,  for  the  pears  1851  and  1852,  (&•  Mbnikly 
Fall  of  Rain  and  the  corresponding  Discharge  of  the  River  Robe,  at 
Ballinrobej  County  Mayo  ;  the  catchment  basin  being  70,000  acrea,  or 
110  square  miles;  the  lower  end  100  feet,  the  upper  end  886  feet ;  amd 
the  average  height  of  the  surface  abciu  180  feet  above  the  Iwel  of  the 
sea.  The  average  fall  of  the  river,  not  including  the  rapids,  is  from 
one  to  two  feet  per  mile  ;  the  catehm,ent  is  about  20  miles  long,  about 
one-tetUh  of  the  area  bog  or  low  marsh,  and  nine-tenths  dayey  and 
gravelly.     The  river  is  about  33  miles  long. 


RIVER  ROBE  OBSERVATIONS  IN  1851. 


MONTHS. 


January  . 
Pobruary . 
March  .  . 
April 

May  .  . 
June. 
July  .  . 
August 
Soptamber 
October  . 
Xovembor 
D«c«mb«r. 


Total 


5 

i 

-I 

45 


9-S 
6-8 
4*4 
S-4 
1-0 
S*8 
S'8 
2-4 
1-9 
6-0 
1-8 
2'6 


7-4 
4-7 
8*6 
2-5 
0*8 
0*8 
0*5 
0-9 
0*5 
1-6 
1*2 
2-5 


45-6  i  27* 


Dlfldiaiige  In  cubic  feet 
per  minute,  from  a  catch- 


Diflchax^  In  cuUc  feet 


mffit  of  70.000  ««.  for  ES^tS^^  ^»^*'' 
each  month. 


I 


85,886 

72,448 

49,137 

24,200 

5,820 

7.040 

4,920 

17,055 

4.746 

23,960 

12,852 

44.715 


20,133 
18,420 
10.860 
5,760 
4,125 
1,114 
1,500 
1,240 
1,200 
6,940 
6,000 
6,210 


352,749     83,502 


43,873 

30,410 

20,942 

14,355 

5,001 

4,230 

2,558 

4,866 

2,854 

12,588 

7,827 

14,373 


1*158 
li)34 
•702 
•345 
*083 
•100 
•070 
*243 
•067 
•342 
*183 
•688 


163,380      4*965 


*287 
-263 
•155 
•062 
•050 
-016 
•021 
■017 
•017 
-009 
•065 
•088 


1*189 


-690 
•434 

•300 
-905 
•«71 
•060 
•036 
•060 
•040 
•179 
•111 
•206   i 


2*33 
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RIVER  ROBE  OBSERVATIONS  IN  1862. 
CorUinued  from  last  page. 


.g 

•** 

d 

o 

a 

jj  <f 

•e    «> 

%Xi 

MONTHS. 

•is 

35 

fl 

1 

n 

Janiuuy    . 

7-6 

February  . 

4-8 

March 

10 

AprU. 

11 

May      .    . 

1-9 

June . 

6« 

July     .    . 

2-5 

Augl2Bt 

4-5 

September 

1-8 

October 

31> 

XoTember 

6-5 

December. 

120 

Total   . 

53  1 

as 


I 


Diflchaarge  in  cuUc  feet 
per  minute,  from  a  catch 


ment  of  70,000 
each  month. 


acres,  for 


Discharge  in  cubic  fee 
per  minute,  per  acre,  for 
each  month. 


4 


5^ 


S 


6-2 
4-3 
0-7 
0-5 
0-4 
1-2 
1-0 
0-6 
0-5 
10 
5-2 
95 


41,600 

66,400 

9,600 

3,931 

3,931 

22,764 

15,439 

3,856 

3,427 

32,040 

45,360 

115,656 


30-1    ,  354,004 


» 


I 


12,852 
8,190 
2,737 
1,468 
1,060 
1,400 
3,172 
2,236 
2,642 
1,114 
17,000 
23,232 


77,093 


28,730 

25,296 

6,702 

2,477 

1,861 

6,647 

6,067 

3,070 

2,874 

6,932 

30,742 

54,846 


i 


I 


-594 
'805 
•137 
•056 
•056 
•325 
•220 
•055 
•048 
•467 
•648 
1-667 


175,134  I    5-068 


:^ 


■183 
•117 
•039 
•020 
•015 
•020 
045 
•082 
•037 
•016 
•242 
•831 


1097 


^ 


•410 
•361 
•095 
•035 
•026 
•093 
•087 
•043 
•041 
•084 
•439 
783 


2-497 


there  was  flowing  26,640  feet,  leaving  the  effects  of 
the  seven  days'  rain  85,886  -  26,640  =  59,196  cubic 
feet,  while  in  the  second  year  the  quantity  flowing  at 
first  was  76,860  cubic  feet,  leaving  the  effects  of  the 
seven  days'  rain-fall  equal  to  115,656-75,360=40,296 
cubic  feet.  The  effect  of  the  previous  state  of  the 
weather  on  the  catchment  must  always  modify,  to  a 
considerable  extent,  the  discharge  from  a  given  rain- 
fall, and  this  has  more  to  do  with  the  results  than  the 
effect  of  arterial  drainage  itself,  unless  so  far  as  one  is 
a  result  of  the  other.  Taking  the  mean  of  1851  and 
1852,  it  appears  that  the  evaporation  and  absorption 
in  the  Ballinrobe  catchment  were  to  the  rain-fall  as 
41*6  to  98*7,  or  about  42  per  cent.  This  is  certainly, 
from  the  nature  of  the  catchment,  less  than  the  average 
through  Ireland,  which  cannot  be  less  than  60  per 
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cent.  In  high,  steep  districts,  fully  three-fourths,  or 
75  per  cent.,  of  the  rain-fall  can  he  collected,  and  at 
times,  when  the  catchment  is  saturated,  nearly  the 
whole  ;  even  in  some  few  limited  cases,  when  springs 
or  hidden  supplies  are  re-tapped,  a  larger  discharge 
may  take  place  than  that  due  to  the  catchment 
and  rain-fall;  but  these  do  not  affect  the  general 
question. 

The  effects  of  absorption  and  evaporation  are  very 
variable ;  sometimes  58  or  60  per  cent,  of  the  annual 
fall  is  carried  off  in  this  way  from  ordinary  flat  tillage 
soils,  and  other  estimates  are  much  higher;  much,  how- 
ever, depends  on  the  soil,  subsoil,  inclination,  stratifica- 
tion, geological  formation,  and  season.  The  evaporation 
from  water  surfaces  exceeds  the  annual  fall  in  these 
countries  by  about  one-third ;  and  that  from  flat,  marsh , 
and  callow  lands  exceeds  the  evaporation  from  ordinary 
tillage,  porous,  and  high  lands.  When  the  flat  lands 
along  the  banks  of  rivers  extend  considerably  on  botli 
sides,  an  extra  fall  is  necessary  into  the  main  channel, 
along  the  normal  drains,  otherwise  such  lands  must 
suffer  from  excessive  evaporation  as  well  as  floods. 
Evaporation  and  absorption  also  vary  with  the 
climate,  but  in  this  country  we  may  safely  assume 
that  one-third  of  the  whole  rain-fall  passes  on  to 
the  sea. 

The  absorption  and  evaporation  must  not,  however, 
be  taken  as  proportionate  to  the  rain-fall.  From  14 
to  16  inches  from  land  (and  about  88  inches  from 
water)  may  be  taken  in  this  country  as  the  allowance 
to  be  made ;  equivalent  to  an  average  of  about 
15  inches.      The    evaporation  from   the    surface   of 
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reservoirs  is  said  to  be  about  4  feet  in  India.    But  it 
is  probably  greater. 

In  a  paper  in  the  Journal  of  the  Eoj^al  Agricultural 
Society  of  England,  vol.  v.  part  1,  1844,  Mr.  Josiah 
Parkes  shows^  that  42^  per  cent,  of  the  whole  annual 
rain  of  England  filters  through  the  soil,  and  67^^  per 
cent,  evaporated,  being  the  mean  results  of  eight 
years'  observations,  from  1836  to  1848,  both  included. 
The  mean  evaporation  and  filtration  for  each  month 
during  this  period  are  shown  and  arranged  by  us  in  the 
following  table : — 


HONTHS, 

Total 
falling. 

Evaporated. 

Remaining. 

Deposited  in 
ton«  and  cublo 
feet  per  acre. 

Inches. 

Inches. 

Per 
cent. 

Inchea 

Per 
cent 

Cubic 
feet 

Tons. 

January  . 
February     «    . 
March 

April .        ,    . 
May 

June  ,        .    . 
July 

August        • 
September 
October       .     . 
November 
\  December    .     . 

1-847 
1-971 
1-617 
1-456 
1-866 
2-218 
2-287 
2-427 
2*639 
2-823 
3-837 
1-641 

•540 
•424 
-640 
1-150 
1-748 
2-174 
2-246 
2-391 
2-270 
1-423 
0-679 
0-164 

29-3 
21*6 
33-4 
79-0 
94-2 
98-3 
98-2 
98-6 
86-1 
50-5 
15  1 
00-0 

1-307 
1-647 
1-077 
0-306 
0-108 
0-039 
0.024 
0036 
0*369 
1-400 
8-268 
1-477 

70*7 

78-4 

66-6 

21-0 

6-8 

1-7 

1-8 

1-4 

13-9 

49-5 

84-9 

100-0 

4,744 

6,616 

3,910 

1,111 

392 

142 

87 

131 

1,839 

6,082 

11,826 

6,662 

132 

166 

109 

39 

11 

4 

2-4 

3-6 

37 

141 

328 

182 

1  Yearly  averages 

26*614 

16-320 

57-6 

11-294 

42-4 

40,932 

1145 

The  maximum  quantity,  82*10  inches,  fell  in  1841, 
and  the  minimum  in  1887, 21*10  inches.  The  maximum 
and  minimum  quantities  respectively  which  fell  in 
January  were  8*95  and  '81  inches;  in  February  2*86 
and  1'02  inches ;  in  March  8'65  and  0*84  inches ;  in, 
April  2*57  and  *84  inches ;  in  May  6'00  and  *70  inches; 
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in  June  3*31  and  1-33  inches ;  in  July  4*36  and  1-30 
inches ;  in  August  3*65  and  0*95  inches ;  in  Septem- 
ber 4*50  and  0*63  inches ;  in  October  4*82  and  1*41 
inches;  in  November  5*77  and  2*05  inches;  and  in 
December  3*02  and  *40  inches.  The  greatest  quanti- 
ties fall  in  September,  October,  and  November,  and 
the  least  in  February,  March,  and  April.  The  general 
mean  tsU  for  England  is  said  to  be  91\  inches,  and 
near  London  25  inches. 

The  amount  of  rain  varies,  not  only  at  different 
places  and  different  elevations,  but  also  at  different 
elevations  in  the  same  place.  The  following  table 
shows  the  amount  of  rain  collected  in  each  month  in 
1855  at  Greenwich  Observatory,  at  different  eleva- 
tions:— 


• 

Osier's  •neiiiO' 

On  the  roof 

Cylinder  pertly 

Mcntti  in  lS55u 

% 
I 

meter  gsnge. 

of  the 
Ubimiy. 

10 

sunk  in  the 

ground. 

• 

'  Jttiiiaiy 

0-2 

1*5 

Febnuiy.                .    . 

0-2 

1-4 

10 

Mttvli. 

0-5 

1-8 

20 

April       .... 

01 

01 

01 

May     ...        . 

0-5 

1-6 

1-8 

Jane        .... 

0-5 

07 

0*9 

July     .... 

81 

4-8 

5-3 

,  Aq^root    .... 

0*6 

0*8 

1*4 

September    . 

0-8 

11 

20 

Octobo*    .... 

2-6 

4-5 

5-2 

NotvBiber    . 

0-5 

11 

1*5 

■  Dfc^inbo'                 .    . 

0-4 

0-9 

11 

Totals     . 

10-0 

19*2 

28-8 

The  cylinder  gauge  was  placed  155  feet  above  the 
lovel  of  the  sea ;  the  gauge  on  the  roof  of  the  library 
ri^  fW^t  over  the  cylinder  gauge,  and  Osier's  anemo- 
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meter  gauge  28  feet  higher  than  the  gauge  on  the  roof 
of  the  library.  In  the  valleys  in  the  lake  districts  of 
Westmoreland  and  Cumberland,  the  annual  fall  varies 
occasionally  from  50  to  100  inches,  and  the  maximum 
fall  is  said  to  obtain  at  about  2000  feet  above  the  level 
of  the  sea  on  high  catchments. 

At  Ballinrobey  a  gauge  placed  on  the  church  tower, 
60  feet  above  the  gromid,  indicated  42  per  cent,  less 
rain  than  one  on  the  ground ;  and  another  experiment 
with  a  change  of  gauges,  gave  68  per  cent,  less  at  the 
greater  elevation ! 

At  Kinfauns  Castle,  Scotland,  a  gauge  600  feet 
high  on  a  hill,  gave  41^  inches,  while  one  at  the 
base,  580  feet  lower,  gave  only  25^  inches.  In  Kes- 
wick, the  fall  is  65|  inches,  and  in  Carlisle  only 
80  inches.  At  Kendal  the  fall  is  60  inches ;  at  Man- 
chester 38  inches ;  at  Lancaster  45  inches ;  at  Liver- 
pool 84  inches. 

From  the  28rd  of  February  to  the  6th  of  June,  1860, 
the  rain  at  Dublin  was  8  inches.  At  the  Leefin 
Mountain,  which  is  2000  feet  high,  the  rain  was  13*1 
inches.  From  the  23rd  of  February  to  the  9th  of 
July,  the  rain  at  Dublin  was  10*674  inches ;  and  at 
the  same  time,  on  the  Leefin  Mountains  (over  Ballys- 
mutten),  18*1  inches  ;  that  is,  an  increase  of  nearly  80 
per  cent,  in  that  time.  From  the  23rd  February  to 
the  21st  August,  inclusive,  the  rain-fall  at  Dublin  was 
17  inches ;  at  Blessington  21  inches ;  at  Ballysmutten, 
on  the  site  of  a  proposed  reservoir,  27  inches.  This 
showed  an  increase  over  Dublin  of  10  inches.  It 
would  appear  that  from  50  to  nearly  80  per  cent,  more 
rain  fell  at  Ballysmutten  than  at  Dublin.     It  would 
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however  have  been  more  correct  to  compare  the  rain- 
fall at  Kingstown  or  Bray  with  that  on  the  adjacent 
mountains  than  the  rain-fall  of  Dublin. 

Experiments  were  made  at  York  in  1882,  1838,  and 
1834,  for  the  British  Association,  with  three  gauges 
— ^the  first  placed  on  a  large  grass  plot  in  the  grounds 
of  the  Yorkshire  Museum ;  the  second  at  a  higher 
elevation,  43  feet  8  inches,  on  the  roof  of  the  Museum; 
and  the  third  on  a  pole  9  feet  above  the  battlements  of 
the  great  tower  of  the  Minster,  at  an  elevation  over 
the  gauge  on  the  ground  of  212  feet  10^  inches.  The 
quantities  received  were  as  follows  : — 

Average  depUi  for 
Depth  for  three  years.         one  year. 
First  gauge.        .        .     64*480  inches    .    .    21*477  inches 
Second  gauge.        .    .    62169      „        .    .     17*389     „ 
Third  gauge.  .     .        .    88*972      „        .     .    12-991      „ 

Professor  Phillips  gives  the  following  formula  for 
calculating  the  difference  between  the  ratios  of  rain 
falling  on  the  ground  and  at  any  height  h  in  the  same 
place — f  the  temperature  of  the  season,  and  c  a  co- 
efficient dependent  upon  it ;  then  the  difference  d  is 

f 
a  ^^  c  h  • 

110 
The  mean  height  at  which  rain  begins  to  be  formed  by 
this  formula  is  1,747  feet  over  the  ground;  and  at 
856  feet  high,  the  depth  which  falls  is  one-half  of  what 
falls  on  the  ground.* 

A  discussion  of  the  mean  temperature  in  connexion 
with  the  fall  of  rain,  was  completed  at  Greenwich  for 
the  years  1852, 1858,  and  1854 ;    and  at  Oxford  for 

*  Vide  Civil  Engineer  and  Architect's  Journal  for  1860,  p.  167. 
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the  years  1865,  1856,  and  1857.     The  result  shows 

an  average  of  160*8  rainy  days  at  Greenwich  for  each 

year^  and  146*6  at  Oxford.      The  difference  of  the 

mean  temperatures  of  the  day  of  rain  and  the  day 

before  is  less  than  that  of  the  day  of  rain  and  the  day 

after. 

Mean  tempera-  Mean  tempera-  Mean  tempe« 

tore,  day  tore,  day  of  ratnre,  day 

before  rain.  rain.  after  rain. 

Greenwich  obaerrationB    49*25**      .    •      49*27^      .    .      48*98*' 

Oxford  do.  49*50       .    .      49*68       .    .      49*44 

Dividing  the  winds  into  two  groups,  northerly  and 
southerly,  the  Oxford  observations  give  the  direction 
for  218*5  days*  fedr  weather.  The  wind  was  northerly 
for  131*5  days,  and  southerly  for  87  days.  For  the 
remaining  146*5  rainy  days,  the  wind  was  northerly 
for  64'5  days,  and  southerly  for  82  days. 

SEWEBAGE. 

**  The  future  population  of  the  suburbs  of  London 
is  calculated  at  80,000  inhabitants  per  square  mile. 
According  to  the  following  data,  some  of  the  densest 
portions  of  our  large  towns  have  a  population  of  220 
persons  to  an  acre.  The  poptdation  on  the  north  side 
of  the  Thames  is  about  75  persons  per  acre,  and  on 
the  south  side  28  persons  per  acre.  Taking  the 
average  density  of  population  in  our  twenty-one 
principal  towns,  there  appear  to  be  5045  inhabitants 
to  the  square  mile;  but,  from  the  following  table, 
extracted  from  Dr.  Duncan's  report  on  Liverpool,  it 
will  be  seen  that  if  we  select  five  of  our  most  populous 
cities,  the  average  in  these  is  much  greater,  while 

in  others^  it  is  equally  certain  that  the  crowding  is 

z 
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far  less  than  the  general  standard  to  which  we  have 
referred : — 

Inhabitants  to  a  Square  Mile. 
Towns.  Total  Area.  Builded  Area. 

20,892    .        .        .      87,256 


Leeds. 
London  . 
Birmingham 
Manchester 
Liverpool    . 


27,423 

38,669 

83,224 

100,899 


50,000 

40,000 

100,000 

138,224 


Dr.  Duncan,  however,  states  that  there  is  a  district 
in  Liverpool  containing  12,000  inhabitants  crowded 
together  on  a  surface  of  only  105,000  square  yards, 
which  gives  a  ratio  of  460,000  inhabitants  to  the 
geographical  square  mile.  In  the  East  and  West 
London  Unions,  Mr.  Farr  has  estimated  that  there 
are  nearly  248,000  inhabitants  to  a  geographical  square 
mile  ;  but,  great  as  this  overcrowding  is,  the  maximum 
density  of  Liverpool  is  nearly  double  that  of  the  me- 
tropolis.'* * 

Great  Towns. — The  Registrar-General  estimates 
the  population  of  the  metropolis  in  the  middle  of  the 
year  1870  at  8,214,707,  being  41*2  persons  to  an  acre. 
This  is  London  with  the  suburbs,  from  Hampstead  to 
Streatham,  and  from  Woolwich  to  Hammersmith.  He 
estimates  the  population  of  Liverpool  in  the  middle  of 
the  year  1870  at  517,567,  or  101*8  persons  to  an  acre; 
Manchester,  874,998,  or  83'6  per  acre ;  and  Salford, 
121,580,  or  28-6  per  acre ;  Birmingham,  869,604,  or 
47*2  per  acre ;  Leeds,  259,527,  or  12  per  acre ;  Shef- 
field, 247,878,  or  10*8  per  acre  ;  Bristol,  171,882,  or 
86'6  per  acre ;  Bradford,  148*197,  or  21'7  per  acre ; 
Newcastle-upon-Tyne,  188*867,  or  25  per  acre ;  Hull, 

*  Illustrated  News,  September  8tli,  1855. 
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130,869,  or  86-7  per  acre ;  Portsmouth,  122,084,  or 
12'8  per  acre ;  Leicester,  97,427,  or  80*4  per  acre ; 
Sunderland,  94,257,  or  19'6  per  acre ;  Nottingham, 
88,888,  or  44-5  per  acre ;  Norwich,  81,087,  or  10*9 
per  acre;  Wolverhampton,  72,990,  or  21*5  per  acre, 
The  area  taken  is  the  municipal  boundary  in  all  cases 
except  London.  The  population  of  Edinburgh  is 
estimated  at  178,970,  or  40*4  per  acre ;  of  Glasgow, 
468,189,  or  92'6  per  acre;  of  Dublin,  with  some 
suburbs,  821,540,  or  83  per  acre.  The  population  of 
these  twenty  towns  of  the  United  Kingdom  is  thus 
estimated  at  7,209,603.  The  population  of  Paris  is 
estimated  at  1,889,842;  of  Vienna,  605,200;  of 
Berlin,  702,437. 

The  amount  of  sewage  is  calculated  at  about  five 
CUBIC  FEET  PER  PERSON,  including  the  supply  from 
manufactories,  breweries,  distilleries,  &c.  So  high 
as  SEVEN  FEET  PER  HEAD  has  been  recommended 
as  data  to  calculate  from  by  Captain  Galton  and 
Messrs.  Simpson  and  Blackwell,  in  their  Report  on 
the  Main  Drainage,  and  it  has  been  found  that  about 
half  of  the  estimated  quantity  of  sewage  would  be 
passed  off  in  six  or  eight  hoiu*s. 

In  calculating  the  size  of  sewers,  however,  the  rain- 
fall must  be  provided  for,  in  addition  to  the  sewage 
matter  from  houses  and  public  establishments.  Mr. 
Bazalgette  calculated  this  for  the  London  sewerage 
at  ^th  of  an  inch  fall  in  24  hours  in  the  urban 
districts,  and  ^th  of  an  inch  for  the  suburban  districts. 
Captain  Galton  and  Messrs.  Simpson  and  Blackwell 
assumed  -fths  of  an  inch  fall  during  eight  hours' 
mft-rinrmTn  flow.    This  would  be  1^452  feet  per  acre. 

2   2 
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Assuming  the  highest  data,  we  shall  have  to  provide 

sewers  to  discharge  in  eight  hours 

1,452    cuhic  feet  of  rain  water  per  acre, 

8  J  cubic  feet  of  sewage  nearly  per  person. 

Assuming  a  population  of  80  persons  per  acre,  then 

these  figures  would  become 

-i  AKc%      I.'    r    X  r  C^  eight  hours,  or 

1,452  cubic  feet  for  ram,  J  o\      hi  V 

280  cubic  feet  for  sewage,       J  .    -  ^ 

\  per  minute,  per  acre  t 

which  shows  that  the  sewage  is  not  more  than  Jth 
of  the  rain  water ;  and  that,  in  calculations  for  the 
size  of  sewers,  the  surface  water  is  the  most  important 
element  to  be  considered.  If  we  had  assumed  a  larger 
fall  of  rain,  the  difference  between  sewage  and  rain 
would  be  greater.  On  the  20th  June,  1857,  the  day 
after  heavy  rain,  the  referees  on  the  Metropolitan 
Drainage  question  found  the  Norfolknstreet  sewer  to 
discharge  3  feet ;  the  Essex-street  sewer  5^  feet ;  the 
Northumberland-street  sewer  8f  feet ;  and  the  Savoy- 
street  sewer  20^  feet  per  minute  per  acre ;  but  the  last 
result  has  been  controverted. 

It  appears  that  the  daily  amount  of  sewage  varies 
from  4*8  cubic  feet  per  head  in  the  more  thickly  in- 
habited portions    of  London,  occupied  by  a  larger 
portion  of  the  poorer  classes,  to  8  cubic  feet  per  head 
in  the  western  districts,  where  the  value  of  water 
is  more  appreciated,  and  the  cost  less  a  matter  of 
consideration ;  and  the  average  of  the  whole  metro- 
politan districts  appears  to  be  5'8  cubic  feet  per  head 
per  diem.     If  the  day  be  divided  into  three  periods  of 
eight  hours  each,  the  amount  of  the  maximum  flow  is 
between  nine  a.m.  and  five  p.m.  and  49  per  cent,  of  the 
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whole ;  whilst  only  18  per  cent,  flows  during  the  eight 
hours  of  TniniTnuTTi  flow,  which  occur  between  eleven 
P.M.  and  seven  a.m.*  The  advantage  of  storm  flows 
in  flushing  is  shown  by  the  heavy  rain  which  occurred 
on  the  20th  of  June,  causing  a  flow  in  the  Savoy-street 
sewer  which  was  equivalent  to  20  times  the  ordinary 
flow  at  the  time.  This  was  six  times  the  maximum 
flow,  and  although  the  sewer  had  been  scoured,  to  a  con- 
siderahle  extent ,  by  a  heavy  faU  of  rain  on  the  previous 
night,  the  sample  contained  more  than  double  the 
amount  of  total  impurity  contained  in  specimens  of 
ordinary  sewage. 

In  a  town  district,  such  as  that  drained  by  the 
Savoy  and  Northumberland-street  sewers,  the  quantity 
running  off  into  sewers,  within  six  hours  after  the  fall, 
varies  from  10  to  60  per  cent,  of  the  quantity  fallen. 
Of  the  rain  during  the  storm  of  the  20th  June,  1857, 
nearly  one  inch-and-a-quarter  in  an  hour,  65  per  cent, 
ran  off  within  15  hours  of  the  fall,  viz. : — 

46  per  cent,  in  45  minutes  after  the  rain  ceased, 

14       „        in  the  next  6f  hours, 
5       „        in  the  next  7^  hours. 
In  a  suburban  locality,  such  as  the  Counter  Greek  sewer 
drain,  the  quantity  reaching  the  sewers  would  vary  from 
0  to  80  or  40  per  cent,  in  24  hours  after  the  rain.f 

In  the  Holbom  and  Finsbury  divisions  Mr.  Eoe 
calculated  that  an  18-inch  cylindrical  pipe,  laid  at  an 
inclination  of  1  in  80,  is  sufficient  for  20  acres  of 
house  sewage,  while  a  5-inch  pipe,  laid  at  an  inclina- 
tion of  1  in  20,  is  necessary  for  1  acre,  and  a  8-inch 

*  Metropolitan  Main  Drainage  Report,  pp.  15,  17. 
t  Ibid.,  pp.  75,  76. 
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pipe,  laid  also  at  1  in  20,  for  \  acre.  A  pipe  80" 
in  diameter,  laid  with  an  inclination  of  1  in  200,  would 
discharge  1700  cubic  feet  per  minute,  and  perfectly 
drain  200  acres  of  urban  land  covered  with  houses  to 
the  extent  of  4000  or  upwards,  and  each  house  having 
a  water  supply  of  150  gallons  per  diem.  In  each  of 
these  cases,  however,  the  discharge  must  depend  on  the 
head  and  length  of  the  pipe  as  well  as  the  inclination 
at  which  it  is  laid.  Assuming  the  inclination  of  those 
pipes  to  correspond  with  the  hydraulic  inclination,  we 
have  calculated  their  discharging  powers  with  water  to 
be  respectively  807,  72,  20,  and  1700  cubic  feet  per 
minute,  the  areas  to  be  drained  being  20,  1,  ^,  and 
200  acres.  In  all  calculations  of  this  kind  it  is  neces- 
sary  to  ascertain  not  only  the  maximum  rain-faU  per 
hour,  but  also  the  proportions  discJiarged  per  hour, 
according  to  the  season  and  district,  into  the  main 
channel,  as  well  as  the  junctions  or  places  of  arrival. 
In  urban  districts,  1500,  2100,  and  sometimes  3600 
cubic  feet  per  hour  per  acre,  have  to  be  discharged 
after  extraordinary  rain-falls.  These  may  be  taken  as 
maximum  results.  The  gaugings  of  the  Westminster 
sewers  in  summer  give  58  cubic  feet  per  hour  for  the 
urban,  and  17  cubic  feet  for  the  suburban,  according 
to  Mr,  Hawkins. 

In  urban  districts,  however,  a  much  larger  quantity 
of  water  is  conveyed  more  rapidly,  cceteris  paribus,  to 
the  mains,  than  in  suburban  districts  and  catchment 
basins  generally,  in  which  the  maximum  dischai^e 
per  acre  per  hour,  even  in  the  steeper  and  higher 
districts,  seldom  exceeds  700  cubic  feet,  and  varies 
from  about  20  cubic  feet  for  the  larger  and  flatter 
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districts  upwards.  This  arises  from  the  impervious 
nature  of  the  surfaces  it  falls  upon  in  towns,  and  the 
lesser  waste  in  passing  to  the  drains,  as  well  as  a  large 
portion  of  the  supply  being  often  artificial.  From  70 
to  90  cubic  feet  *  per  acre  per  hour,  is  generally  taken 
for  the  maximum  discharge  from  the  average  number 
of  catchment  basins ;  this  is  nearly  equal  to  a  supply 
of  one-fiftieth  part  of  an  inch  in  depth  from  the  whole 
area.  

SECTION  XIII. 

WATER  SUPPLY  FOR  TOWNS. — STRENGTH  OP  PIPES. — 
SEWERAGE  ESTIMATES  AND  COST.  —  THOROUGH- 
DRAINAGE. — ARTERIAL   DRAINAGE. 

SUPPLY. QUALITY. 

The  supply  of  water  to  towns  has  become  latterly 
a  subject  of  considerable  importance.  Three  points 
have  to  be  considered ;  —  firstly,  a  sufficient  and 
constant  supply  at  high  pressure,  when  it  can  be 
obtained  within  a  reasonable  expenditure ;  secondly, 
the  quality ;  and,  thirdly,  the  cost.  The  advantages 
in  towns  of  high  pressure  are  now  apparent  to  all  in 
overcoming  fire ;  fronts  of  houses  and  pavements  may 
also  be  cleaned,  and  streets  watered  if  the  supply  be 
abundant.  The  highest  apartments  can  be  supplied, 
and  even  mechanical  power  can  be  obtained  for  many 
purposes,  as  grinding  coffee,  at  a  reasonable  cost. 
Mr.  Glynn  says,t  "In  many  parts  of  London  water  is 

*  Some  interestuig  obaervations  on  rain-fall  and  flood  dischargees  are 
given  in  the  Tiansactions  of  the  Institution  of  Civil  Engineers,  Ireland, 
for  1851,  pp.  19-33,  and  pp.  44-^52. 

t  Power  of  Water.— Wealb. 
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supplied  at  4c2.  for  1000  gallons^  at  a  preBsnre  of  150 
feet :  a  gallon  of  water  weighs  10  lbs.,  so  that  1000 
gallons  of  water  jGedling  150  feet,  are  equal  to 
1,500,000  lbs.  falling  one  foot ;  and  if  1500  gallons 
of  water  be  used  in  one  hour,  they  are  equal  to 
37,500  lbs.  falling  one  foot  in  one  minute,  or  some- 
what more  than  a  horse's  power,  which  is  88,000; 
therefore,  it  may  be  assumed,  that  the  cost  of  a  horse's 
power  for  an  hour  in  such  cases,  is  only  6c2." 

The  number  of  gaUons  of  water  required  for  the 
supply  of  each  person,  including  all  collateral  uses, 
has  been  differently  estimated,  and  varies  in  almost 
every  town,  and  even  in  the  same  city-London,  for 
instance,  when  supplied  by  different  companies  and 
under  different  systems.  44  gallons  per  head,  per 
diem,  were  supplied  by  the  several  companies  of 
London  in  1858,  while  evidence  has  been  given  to 
show  that  the  actual  average  consumption  for  all 
purposes  did  not  exceed  10  gallons  per  head,  per 
diem;  the  remainder  having  been  wasted  under  an 
imperfect  system  of  distribution.  It  is  asserted  that 
when  the  supply  is  25  gallons  per  head,  per  diem,  that 
6  gallons  of  it  are  used  for  purposes  requiring  filtra- 
tion, 10  gallons  for  purposes  not  requiring  filtration, 
and  10  gallons  wasted,  or  two-fifths  of  the  supply. 
As  there  must  be  a  considerable  loss  under  even 
the  best  system  of  supply,  we  may  assume,  with  the 
Board  of  Health,  that  a  minimum  supply  of  75 
gallons  per  house,  per  diem,  or  15  gallons  per  person, 
per  diem,  is  necessary. 

The  following  is  an  abstract  of  the  average  number 
of  gallons  of  water  furnished  per  diem,  by  different 
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water  companies  in  London,  during  the  year  1858^  to 
each  house,  including  manufactories  and  public  estab- 
lishments as  houses : — 


New  Biver  Company 

East  London  Water  Works .... 
West  Middlesex  Water  Works        .        .     . 

Grand  Junction  Water  Works     . 

Sonthwark  and  Yaozliall  Companies'  Houses 
Ditto  ayerage  houses,  manufactories,  public 

establishments 

Chelsea  Water  Works 

Hampstead  Water  Works               .        .     . 
Kent  Water  Works 

MeanTalues 


GallonB. 


Per  taouBe. 


198 
187 
204 
)819 
(336 
175 

209 
227 
111 
270 


Per  person. 


2231 


228-1-10 


88'3-5 
37 -2-5 
40*4-5 
63-4-5 
67-1-5 
35 

41-4-5 
45-2-5 
221-5 
54 


4461-5 


44-3-5 


These  quantities  have  been  calculated  from  the 
parliamentary  returns  made  in  1854 ;  and  if  there  be 
any  truth  in  the  calculations  and  returns  of  the  quan- 
tities actually  consumed  per  person — said  to  be  10 
gallons — we  get  the  proportion,  as  10  is  to  84  so  is  the 
quantity  consumed  to  the  quantity  wasted.  But,  even 
assuming  the  quantity  consumed  to  be  20  gallons  per 
head,  what  an  immense  loss  is  here  exhibited  from 
want  of  a  suitable  system  of  check  and  distribution. 

For  large  towns  it  is  safe  to  provide  for  many  pur- 
poseSy  besides  present  personal  or  house  wants ;  and 
it  is  safer,  where  U  can  he  done  withiyat  much  extra  cost, 
to  provide  for  a  supply  of  40  gallons  to  each  inhabitant, 
even  if  this  quantity  should  not  be  used  or  raised. 
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For  high  pressure,  the  supply  required  will  generally 
vary  from  15  to  40  gallons,  or  from  2*5  to  6*5  cubic  feet 
to  each  inhabitant,  or  for  an  average  of  about  28  gal- 
lons, including  the  supply  to  stables,  offices,  manufac- 
tories, and  breweries. 

The  storage  in  reservoirs  should  be  for  about  120  or 
160  days'  supply,  including  the  quantity  necessary  for 
mills  and  riparian  occupiers  lower  down.  This  latter 
is  taken  very  often  at  about  half  the  former ;  so  that 
two-thirds  of  the  storage  may  be  available  for  the  towii, 
and  one-third  for  mills  and  riparian  lands.  The  actual 
relation,  however,  depends  on  local  circumstances. 

The  quality  of  water  for  drinking,  washing,  or  cook- 
ing, is  also  an  important  element  in  selecting  a  source 
of  supply.  Hardness  is  measured  by  the  number  of 
grains  of  chalk  or  carbonate  of  lime  to  a  gallon  of 
water,  each  called  a  degree.  The  average  hardness  of 
spring  water  is  about  26^,  that  is,  26  grains  of  car- 
bonate of  lime  to  one  gallon  of  water.  Bivers  and 
brooks  have  an  average  hardness  of  13^,  and  water 
derived  from  surface  drainage  5° ;  hence  the  great  ad- 
vantage of  the  latter  kinds  of  water  in  washing.  The 
average  hardness  of  the  London  pipe  waters  is  from 
10®  to  16®.  The  following  extracts  from  a  report  and 
analyses  furnished  to  me,  in  1855,  by  Professor  Sulli- 
van, of  the  Museum  of  Irish  Industry,  Dublin,  will 
show  what  is  generally  required  on  this  head : — 

''  On  the  annexed  page  you  will  find  the  numerical 
results  of  my  analyses  of  the  four  samples  of  water 
which  you  left  with  me  for  examination.  From  the 
table  you  will  perceive  that  the  water  of  the  Mattock 
River  appears  to  |^be  the  purest,  so  far  as  the  nature 
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and  the  amount  of  the  foreign  substances  held  dissolved 
in  it  is  concerned.  The  water  of  the  Boyne  comes 
next  in  quality  to  that  of  the  Mattock  Eiver^  the  pump 
water  being  in  every  sense  the  worst,  so  far  as  amount 
of  ingredients  can  be  taken  as  a  test  of  the  quality  of 
a  water ;  in  this  respect,  indeed,  it  resembles  the  water 
of  the  deep  wells  of  London  and  elsewhere. 

''As  the  ordinary  mode  in  which  the  quality  of  a 
water,  for  drinking  and  for  culinary  and  like  purposes, 
is  judged  of  is,  by  the  comparative  amount  of  organic 
matter,  the  total  amount  of  dissolved  matter,  and  its 
hardness,  according  to  the  '  soap  test,'  I  shall  give  in 
the  following  table  the  numbers  representing  each  of 
these  qualities : — 

TABLE  shounng  the  numJber  cf  grains  of  Organic  Matter,  and  the 
number  of  grains  of  Solid  flatter,  in  an  Imperial  Gallon  of 


. 

Number  of 

Number  of 

Degree  of 

Orainaof 

GraiiMof 

Hardness 

WaUrfrom 

Organic  Matter, 

Solid  Hatter, 

according  to 

per 

per 

the 

Imperial  GaL 

Imperial  GaL 

Soap  Test. 

No.  1.  TuUyescar   .     . 

8-975  gra. 

31176 

16  8-lOths. 

„   2.  River  Mattock  . 

2-  (about) 

16-360 

9  1-lOth. 

„   8.  River  Boyne     . 

8*250 

22-700 

14  9-lOthB. 

„  4.  Bam's  Pump   . 

7100 

76-860 

34  4-lOtlis. 

''In  order  to  render  this  table  more  instructive,  it 
may  be  well  to  subjoin  a  few  of  the  results  obtained 
from  the  analyses  of  the  waters  of  other  localities. 

TABLE  showing  ths  ntmiber  of  grains  of  Solid  Matter  contained  in  one 

gallon  qf  ths  following  Waiter : 

Thames  at  Greenwich       .        •        .        <      27*9  grains. 

London 28*0 

Westminster  .        .        .        .24*4 
Twickenham  .     .      22*4 

Teddington    ....      17'4 


>» 


t» 


>> 


»i 


>» 


>> 


99 


■>» 
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New  Biyer  (London) 

19*2  grains. 

Lea 

23*7      „ 

Trafalgar  Square  Fountain,  Deep  Well     . 

.       68*9      „ 

Well  in  St  Giles's,  Holbom    . 

.     105  0      „ 

Artesian  Well  at  Crenelle  (Paris) 

9*86    „ 

it 


The  following  are  some  of  the  results  obtained 
from  an  examination  of  the  waters  in  the  neighbour- 
hood of  Dublin,  or  which  have  been  proposed  as  a 
source  of  supply  :♦ — 


Locality  ftx>m  whence  Water 
mw  obtained. 

T^ytal 

Number  of 

Qninsper 

Imperil 

GdloD. 

1 

Total     1      Degree 
Number  of  of  Hardneee 

Qraine    1    aooordUng 
of  Organic   to  the  Soap 

Matter.   |       Tbct. 

Boyal  Canal  (12ih  Lock)  .        .     . 

Grand  Canal  (7th  Lock) 

Biyer  liffey,  at  Kippnre  .        .     . 

,,               Phoulaphoaca 
Loogh  Dan,  Co.  Wicklow         .     . 
Riyer  Dodder,  at  City  Weir  . 
Loogh  Owel 

210 

16-300 
8*522 
5125 
2*800 
8*350 

10*225 

2*80 

2*30 

1*90 

1*50 

1*225 

1*625 

1*550 

degs. 
14*0 
10  8-4th8. 

0  2-lOtha. 

0  2-10th8. 

0  8-10th8. 

1  8-10th]i. 
6  7-lOths. 

*  Dr.  Apjohn  gaye  the  following  analyses  : — 

Total  matter     Organic      Hard- 
dinolved.       matter.        nam. 

Grand  Canal— mean  of  seyen  analyses    .    20*78    .  *95    .     15*9 

Boyal  Canal— mean  of  fiye  analyses        .    20*76    .  1*64    .     14*1 

Liffey — ^mean  of  eleyen  analyses        .     .      8*62    .  1*77    .      6*1 

Analysis  of  the  deposition  on  pipes  from  the  Portobello  basin :— 

Water 2*20 

Oiganic  Matter 9*71 

Sand 10*20 

Penudde  of  Iron  and  Alnmina                  .    .  3*50 

Carbonate  of  Lime 74*20 

Carbonate  of  Magnesia '19 


100* 
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Professor  Apjohn  gave  the  following  analyses  of 
waters  famished  to  the  city  of  Dublin  in  1860.  It 
shows  how  necessai}'-  it  is  to  distinguish  the  time  of 
taking  specimens  for  analysis,  and  the  previous  state 
of  the  weather  as  affecting  the  foreign  matters  in  the 
water.  The  specimens  were  collected  on  the  6th  and 
19th  of  May,  1860.  The  quantity  operated  upon  in 
each  instance  was  an  imperial  gallon,  or  277*278  cubic 
inches : — 


CITY  WATBB  CO 

5th  May. 

19th  May. 

Carbonate  of  lime        .     . )  4.A5A 
Carbonate  of  magnesia     .  ( 
Sulphate  of  lime  and  chlo- ) 
ndes   of    sodium    and  >  2-269 

7*808^ 
•      0*700 

...      2171 

magnesium  .                .  ) 
Silex 0-166 

...      0-526 

Organic  matter       .        .    1'811 

...      llOlJ 

8*802 

11*806 

POKTOBELtX)  BASIN. 

Carbonate  of  lime        .    •)  7.^37 
Caibonate  of  magnesia     .  t  ' 
Sulphate  of  lime  and  chlo-  i 
ndes    of    sodium    and  >  4*058 

11*660^ 
—      0*764 

...     8-751 

magnesium  .                .  ) 
SOex 0*078 

...      0-194 

Organic  matter        .        .     8*808 

...      2-289. 

15-126 


18-658 


Specific  gravity  of 
specimen  (5th  May) 

1*00011. 

Specific  gravity  of 

specimen  (19th  May) 

1  -00014. 


Specific  gravi^  of 
specimen  (5th  May) 

1  -00028. 

Specific  gravity  of 

specimen  (19th  May) 

1*00081. 


It  will  be  observed  that  the  quantities  of  saline  and 
other  ingredients  found  in  specimens  of  the  same  water 
collected  at  the  two  separate  periods  above  mentioned 
are  materially  different ;  those  obtained  at  the  later 
date  (May  19)  containing  the  larger  portion  of  foreign 
matters.  The  extent  of  this  variation  is  very  consider- 
able^ and  it  appears  to  Dr.  Apjohn  to  have  been  the 
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consequence  of  a  very  considerable  fall  of  rain,  which 
took  place  in  the  interval  between  the  periods  at  which 
the  specimens  were  taken  up  for  analysis. 

When  the  means  of  the  preceding  analyses  are  taken, 
we  obtain  the  following  results  : — 


city  Wftter  Couree. 

Fortobello  BMJn. 

Mean  amount  of  saline  matter                8 '598 

14094 

„          „           oi^ganic  matter        .    1*456 

2-798 

The  quality  of  a  water  for  drinking  purposes  de- 
pends in  a  great  degree  upon  the  condition  in  which 
the  organic  matter  is  found,  much  more  than  upon  its 
quantity.  This  is,  however,  a  question  outside  of  the 
domain  of  chemistry,  and  can  only  be  solved  by  the 
aid  of  the  microscope. 

As  a  general  rule,  the  water  of  clear  flowing  rivers, 
even  though  it  may  contain  a  large  amount  of  solid 
matter,  and  even  of  organic  matter,  will  be  found 
wholesomer  than  well  water,  especially  in  towns. 

The  whole  of  the  lime  and  magnesia  existing  as 
carbonates  is  precipitated  by  boiling,  the  water  being 
thus  proportionably  rendered  less  hard;  lime  and 
magnesia  existing  as  sulphates  or  chlorides,  on  the 
other  hand,  are  not  precipitated.  This  difference  is 
of  great  consequence  in  culinary  operations,  as  where 
boiled  water  is  used,  the  carbonates  of  lime  and 
magnesia  are  not  injurious,  and  if  no  sulphates  or 
chlorides  be  present,  the  water  may  be  soft  after 
boiling.  The  same  observation  applies  to  water  used 
for  washing  clothes  when  boiled.  And  lastly,  sul- 
phate of  lime  forms  one  of  the  worst  elements  of  fur  or 
-deposit  upon  steam  boilers. 


ORIFICES,    WEIRS,   PIPES,  AND  RIVERS. 


851 


Taiular  ReauUs  of  (he  SpecieU  Analyses  of  Four  Samples  of  Water 
from  the  neighbowrhood  of  Drogheda, 


Nature  of  diaaolTod 
matter. 

No.  1.      No.  2. 
Tullye-  Mattock 
soar.      River. 

No.  8. 
Boyne 
RiTer. 

No.  4. 
Burn's 
pump 
water. 

Observations. 

Carbonate  of  limo    .    . 
Carbonate  of  magnesia 

Sulphate  of  lime      .    . 
Chloride  of  magneelum 
Chloride  of  calcium 
Chloride  of  sodium 

water 

liime       do.       da 

Siliea       do.       do. 

Potash  and  soda  exist- 
ing in  water,  as  ni- 
trates, cronates.  and 
other  oiganic  salts.    . 

Oxganie  matter 

per  Impexia]  gafion  . 

9*850 
0*429 

9*048 
0748 

■  • 
•  • 

0-404 

o'-in 

1*644 
8*976 

7*802 
0*610 

2*614 
1.268 

oiioi 

•  • 
•  • 

•  • 

(2786 
(    .. 

11*048 

0*888 

4-460 
1*685 

■  ■ 

■  • 

•  • 

0^22 

0-448 
8*260 

21-476) 
0-685/ 

4-608 
8*445 
9*624 

•  • 

0-648 
2*212 

22*898 
7100 

/  Inclusive  of  a 
vezysmall  quan- 
tity of  i^os- 
•  phate  of  lime 
and  iron  not 
separated  from 

Vthelime. 

81176 

16*800 

22700 

70*860 

The  saving  in  soap  effected  by  a  reduction  of  10  de- 
grees in  hardness,  is  found  to  be  over  60  per  cent. 

Some  of  the  metropolitan  waters  analysed  by  Dr. 
Robert  Dundas  Thomson,  F.B.S.,  were  found,  in  May, 
1860,  much  more  impure  thau  others,  the  samples  of 
which  had  been  taken  at  the  beginning  of  the  month, 
before  the  impurities  conveyed  by  the  rains  had  con- 
taminated them.  The  supply  afforded  by  large  and 
small  rivers,  as  in  London,  in  this  table,  contrasts 
most  unfavourably  with  that  afforded  by  the  drainage 
of  mountain  ridges,  as  at  Glasgow  and  Manchester. 
The  specimens  of  water  from  the  two  latter  cities  were 
taken  by  the  instructions  of  Mr.  Bateman,  F.B.S.,  the 
engineer,  from  the  main  pipes  during  the  month.     It 
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should  be  the  object  of  the  London  Companies  to  avoid 
pumping  the  water  in  its  most  impure  state,  and  to 
store  it  when  in  the  condition  of  the  greatest  purity. 


Distilled  water 

Loch  Katrine  water,  new  snpply  to  Glasgow 
Manchester  water  supply  .  .  .  . 
Thames  Ck)MPANiE8 : — Chelsea 

Southwark 

Grand  Junction 

West  Middlesex 

Lambeth 

Othek  Compakies  :— New  River  . 

East  London 

Kent 


Total 

Impurity 

per  gallon. 


Gra.,  or*. 

0-0 

316 

4-32 

17-84 

17-08 

20-72 

20-08 

20-80 

18-52 

23-64 

21*68 


Organic 

Impari^ 

per  gallon. 


OT».,or*. 
00 
0*96 
0-64 
1-48 
1-64 
200 
208 
2-40 
1-56 
8-20 
2-96 


The  table  is  read  thus : — ^Loch  Katrine  water  contains 
in  the  gallon  8*16  degrees,  or  grains,  of  foreign  matter 
in  solution,  of  which  *96  degrees,  or  grains,  are  of 
vegetable  or  animal  origin. 


SOUBCES  AND  GATHERINa  GROUNDS. 

The  sonrces  from  which  a  water  supply  for  towns 
may  be  derived  are  lakes,  rivers,  and  streams,  springs, 
wells,  and  gathering  grounds.  Of  the  latter  it  may  be 
said  that,  however  ably  put  forward  under  the  auspices 
of  the  Board  of  Health,  it  is  far  safer  to  resort  to  good 
river  waters  than  trust  to  what  has  been  termed,  with 
some  satirical  truth,  ^'  new-fangled  schemes  of  pot-piped 
gathering  grounds."  Springs  and  wells  afford,  at  best, 
but  a  partial  supply  unless  for  villages  or  manufactories ; 
and  we  must  almost  always  trust  to  lakes,  rivers,  or 
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TABLE  nhoioing  the  QfiaTUUiea  of  Qalkcring  Sntunfi  anH  Reservoir 
Room  to  tupply  a  given  population  with  IG,  30,  and  40  gallons  of 
vxtter  per  htad  per  diem.  The  reaervoir  room  ii  calculated  to  hold 
12  ituha  in  depth  of  rain-fall  per  mile  as  a  guide  for  letaer  dlptha. 
For  4  inches  ike  remiite  are  to  be  divided  by  Z  ;  avdfor  6  inAea  bg  2. 


ii 

Is 

3^ 

1 

VAi 

b! 

1 
t 

h 

1 

ti 

1  f 

1     ! 

I    f 
1     8 

13  1 

2,500 

1,250 

937 

4-179 

■0375 

0789 

2-196 

B,000 

2,500 

1,876 

8-368 

■076 

1677 

4-393 

7,500 

3,760 

2,812 

12-536 

-1125 

2366 

6-589 

10,000 

5.000 

3,750 

16-715 

-15 

3164 

8-7S6 

12.C00 

6,250 

4,687 

20-894 

■1875 

3942 

10-982 

16,000 

7,500 

6,625 

26-072 

■225 

4731 

13-179 

17,500 

8,750 

6,662 

2B-251 

-2626 

6519 

15-375 

20,000 

10,000 

7,600 

33-480 

-300 

6308 

17-572 

25,000 

12,500 

9,375 

41-788 

-875 

7886 

21-965 

30,000 

16,000 

11,250 

60-146 

■45 

9462 

26  ■358 

35,000 

17,500 

13,125 

58-5 

■625        1 

1039 

30-75 

40,000 

20,000 

15,000 

66-9 

■B            1 

2616 

36-144 

45,000 

22,500 

16,875 

75-217 

-676         1 

4103 

39-537 

60,000 

25.000 

18,760 

83-67 

■75           1 

677 

43-93 

65,000 

27,500 

20,626 

ei-932 

■826         1 

734 

48-32 

60,000 

30,000 

22,500 

100-29 

■9            1 

8924 

52-710 

65,000 

32,600 

24,376 

108-65 

-975         2 

0501 

57-109 

70,000 

35,000 

26,260 

117- 

1-05          2 

2078 

61-502 

75,000 

37,600 

28,125 

125-36 

1'125         2 

3655 

65-895 

80,000 

40,000 

30,000 

133-72 

1-2            2 

6232 

70-238 

86,000 

42,500 

81,876 

1421 

1-275         2 

aSD9 

74-681 

90,000 

45,000 

38,760 

150-436 

1-36          2 

8386 

79-074 

B5,000 

47,600 

35,825 

168-8 

1*26         2 

970 

83-467 

100,000 

60,000 

37,600 

167  15 

16            3 

164 

87-86 

106,000 

52,500 

39,375 

175-6 

1-67          3 

311 

92-25 

110,000 

55,000 

41,250 

183-86 

1-66          3 

469 

96-64 

iislooo 

57,500 

43,125 

192-22 

1-72          3 

62 

101-10 

120,000 

60,000 

46.000 

200-68 

1-8            3 

785 

106-43 
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streams^  with  reservoirs,  for  stowage,  for  a  sufficient 
supply  for  large  towns.  The  Croton  aqueduct,  con- 
veying water  with  an  average  of  three  degrees  of 
hardness,  to  New  York,  is  perhaps  the  noblest  work 
for  water  supply  of  modem  times.  The  length  of  the 
aqueduct  is  about  44  miles,  with  a  channel  inclination 
of  about  15  inches  per  mile.  The  receiving  reservoir 
is  about  two  miles  higher  up  the  channel  than  the  dis- 
tributing reservoir,  which  latter  is  115  feet  over  the 
level  of  the  sea,  and  commands  the  highest  buildings 
of  the  city.  In  the  driest  weather  the  supply  is  equal 
to  28,000,000  gallons.*  The  cost  of  the  work,  includ- 
ing the  purchase  of  land  and  water  rights,  was  8,576,000 
dollars,  or  £8  per  lineal  foot  nearly.  The  cost  of  dis- 
tributing pipes  was  1,800,000  dollars.  We  have  had 
also  the  Loch  Katrine  and  Glasgow  aqueduct,  a  noble 
work,  constructed  after  this  model  by  Mr.  Bateman, 
notwithstanding  the  previous  supply  of  that  city,  or  a 
portion  of  it,  the  Gorbals,  from  gathering  grounds  at  a 
high  level.  The  Vartry  supply  for  Dublin,  carried  out 
under  the  same  engineer  and  Mr.  P.  Neville,  the  city 
surveyor,  is  derived  by  embanking  and  storing  the 
waters  of  the  River  Vartry.  It  is,  however,  sometimes 
necessary  to  make  use  of  such  grounds,  particularly 
when  flanking  or  lying  above  glens  where  an  embank- 
ment may  be  easily  thrown  across,  and  the  supply 
stored  for  use,  which  would  otherwise  pass  quickly  off. 
The  table,  page  853,  gives  the  areas  of  reservoirs  and 
gathering  grounds  according  to  a  collection  of  one  foot 
in  depth  from  the  catchment ;  it  can  be  easily  modified 

•  Schramke's  Croton  Aqueduct,  New  York. 
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when  the  storage  or  required  supply  exceeds  or  falls 
short  of  this  depth.  One  acre  of  gathering  ground  with 
a  collection  of  twelve  inches  ofrain-foMfrom  it  annually 
win  give  a  daily  supply  of  five  cuiic  feet  per  head  to 
twenty-four  inhabitants ;  or  of  four  cubic  feet  y  or  twenty- 
Jive  gaUonSy  to  thirty  inhabitants. 

The  next  table  will  be  of  use  in  showing  the  actual 
quantities  which  have  been  collected,  or  could  have 
been  collected,  for  storage.  Homersham,  Hughes, 
and  Beardmore's  books  have  been  consulted  in  arrang- 
ing it. 

The  various  methods  employed  for  purification  may 
be  classed  under  three  heads :  mechanical,  by  filtering 
or  straining;  chemical,  or  antiseptic  media,  such  as 
peat  and  animal  charcoal,  and  precipitation  by  the  use 
of  lime  water ;  and  the  natural  precipitation  of  impuri- 
ties when  the  water  is  at  rest,  as  well  as  the  purifica- 
tion which  takes  place  from  oxidation  and  neutralization 
on  thorough  exposure  by  the  ozone  of  the  atmosphere. 
This  latter  plan  has,  however,  been  tried,  and  signally 
failed.  Filter  beds  may  be  constructed  to  have  a  sur- 
face area  of  one  square  yard  for  every  800  gallons 
filtered  in  twenty-four  hours.  For  executed  works  the 
proportions  vary  fi:om  1  in  460  to  1  in  1140. 

COST. 

With  reference  to  cost,  the  following  tables,  arranged 
by  us  from  various  sources,  will  afibrd  information  from 
works  executed. 

The  estimated  cost  of  the  water  supply  for  Dublin 
from  the  Vartry  was  £300,000  for  12,000,000  gallons 

A  A  2 
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TABLE  showing  infomuUum  triih  reference  to  size  of  Reservoirs^  Caleh- 
nient  Areas,  ic,  collected  and  arranged  from  various  authorities. 
The  firsts  fifth,  and  sixth  columns  contain  information  with  reference 
to  reservoirs  and  the  collecting  areas  ;  the  second,  third,  and  fourth^ 
show  for  different  districts  the  whole  rainfall,  and  the  portions  or  per 
ctntage  flowing  off  and  available. 


Names  of  Drainage 

Areas  and 
names  of  Beaervoizv. 


Aithton      .... 
Albany  Works,  U.&     . 
Ballinrobe,  Ireland 
Belmont      (mooriandX 

mean  of  four  yean 
Bolton  .... 
Bute  (lo^  country) .    . 
Bateman's  evidence  on 

the  drainage  area  of 

Longdendale : — 
Fiisthalf  of  1845,  yery 

dry      .... 
Second  half  of  1845  .    . 
First haU oflS46  . 
Oct.,  Not.,  and  Dec, 

IS4« 


Bann  Resenroir  (moor- 
land)  .... 

Draiua^^  areas  on  aoutli 
aide  of  LoDgridge 
Fell,  near  Preston, 
May.  1^2,  to  April, 
ISoS         .         .         .    . 

Dilworth  Reeerroir  of 
Preston  Works,  Jjuk- 
cashire        .        • 

Olencorse .       ... 

Greenock 

Homersham's  estimate 
of  24.(KH>  cubic  feet  of 
Reeerroir  to  each  acre 
of  drainitge     .       .    . 

Longdendale.        . 

Proposed  Reeerrcrfrfor 
WmTerhaniptonWorks 

RiTington  Pike     . 

Sheffield  .        .    . 

Turton  and  Entwlstle  . 


•59 
•2» 
11-0 

2-81 

•80 


}:: 


•OW 
6-00 
7-88 


•1 

8S-8 

ni- 

16-25 
1-43 
8-18 


40-0 
49-3 
54  5 

■  • 

45-4 


21*2 
88^6 
22^5 

10-2 

72- 

•  • 

54^ 


87-0 
60^ 


o 


ego 

%v 

Q 


15-5 
28-5 
39  "6 
23-9 


13-5 

27-25 

17-5 

8-67 

48-0 

15-5 
18-0 
22*0 


22 -S 
41-0 


55-5 

•  •• 

46-2 


24-25 
41-0 


39 

•  • 

58 
72 

•  • 

53 


64 

71 

78 

85 

66 

29 
S3 
43 


60 
68 


44 


21-0 
11 


26-8 
25-6 


54 1) 
7-66 
38* 


15-36 
12-3 

•7 
29-6 
36-5 
31*43 


12 
32 


75 
90 


5 
46 

300 


15-36 
292 

16 
481 

62 
100 
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daily.  It  is  said  to  have  cost  £1  Us,  6d.  a  head, 
Glasgow  £S,  Manchester  £2  188.,  and  Birmingham 
£S.  The  annual  cost  of  filtering  1,000,000  gallons 
daily,  capitalized,  is  put  down  at  £1,250  by  Sir  John 
Hawkshaw  in  his  report  on  the  Dublin  supply.  This 
would  be  £62  10a.  yearly.  It  varies  from  £40  to  £120 
under  different  circumstances.  The  works  of  construc- 
tion and  the  first  cost  of  the  filters  may  be  taken  at 
about  £2,000  for  each  1,000,000  gallons  to  be  filtered 
daily. 

The  supply  to  the  suburbs  of  Dublin  is  given  at  a 
charge  of  about  8  J  pence  for  each  1,000  gallons.* 

The  actual  cost  of  all  works  for  house  service  varies 
very  much  in  different  towns,  and  with  the  quantities 
supplied,  from  a  general  average  of  Id.  per  house  per 
week,  to  2d.,  and  from  an  annual  rate  of  9d.  in  the 
pound  to  Is.  6d.,  and  higher.  The  cost  of  raising  and 
supplying  1,000  gallons  from  a  height  of  185  feet  in 
Nottingham  is  said  to  be  Sd.,  and  the  charge  for  house 
service  to  vary  from  Ss.  to  60a.  annually.  In  Rugby, 
the  average  cost  per  house  is  19«.  per  year,  A^d.  per 
week,  or  an  annual  charge  of  8«.  8d.  per  year,  or  id. 
per  week  per  head  of  the  population,  and  for  a  bare 
supply  of  13  gallons.  In  Croydon,  for  a  supply  of  only 
14  gallons  per  head,  the  cost  of  works  varied  from  1  Jd. 
to  2^d.  per  house  per  week.  The  parliamentary  re- 
turns, showing  the  number  of  houses  supplied,  and 
cost  of  supply,  by  different  water  companies  of  London, 
in  1884,  give  the  following  results  : — 

*  In  December,  1874,  the  quantity  sent  into  the  city  and  accounted 
for  is  stated  to  hare  been  7,226,000  gallons,  and  the  waste  6,631,000 
gfJlons  daily !    District  waste  water  meters  are  here  essential. 
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Number 

Daily  average 

Height  of 

Amount  of 

COMPANUa 

of 

HooaaB. 

Supply  in 
Gauona. 

Supply  over 
Tbamea. 

charge  per 
Company. 

£    8.    d. 

New  River    .    . 

73,212 

241 

145 

16     6 

Chelsea 

13,891 

168 

135 

1  13    3 

West  Middlesex 

16,000 

185 

155 

2  16  10 

Grand  Jnnctioxi . 

11,140 

350 

152 

2     8    6 

East  London.    . 

40,421 

120 

107 

12    9 

South  London    . 

12,046 

100 

80 

0  15     0 

Lambeth   • 

16,682 

124 

185 

0  17     0 

Sonthwark    .     . 

7,100 

156 

60 

113 

Cost  of  house  apparatus  for  private  supply  from 
street  mains,  as  averaged  by  the  Board  of  Health,  for 
first-rate  houses,  is  £S  198.  2d. ;  second-rate  houses, 
£i  18«.  6d, ;  third-rate,  £2  Ss.  Sd. ;  fourth-rate  and 
cottages,  178.  5d. ;  average  cost  for  houses  and  cot- 
tages, jB2  8g.  Id. 

The  actual  cost  of  priA^ate  works — ^to  take  water  from 
mains  for  the  supply  of  cottages — ^is  shown  in  the  fol- 
lowing table : — 


Work 
exeootedln 

Name  of  Place. 

Mean  Expenae 
o(  Private 
Workafor 

each  Cottage. 

Annual  Vahie 
of  each 
Cottage. 

Jan.  1852 

Mar.  1852 

„     1852 

Aug.  1852 

R^^7»  mean  of  6  Cottages 
Croydon  .     .    10      „ 
Bainaid  Castle  11       „ 
Tottenham   .      6      „ 

£   8,    d. 

1  12  11 

2  0    0 

1  18    IJ 

2  11  lOi 

£    8.     d. 
5  10     0 
4    0    0 
3    2    6 
10    0    0 

Mean  value 

18  for  each  Cottage     .    .    . 

2    0    9 

5 18  n 

The  water  rate  charged  by  the  Local  Board  at  Tot- 
tenham is  given  as  follows : — 
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mUu^wiUDlitrlctlUte 

WatuRiU 

Aba*. 

And  not 
uowUdk 

P«t«Mk. 

OnPremues 

£    ..    d. 

10  'b    0 
16    0    0 
20    D    0 
25    0    0 
80    0    0 
40    0    0 

£    *.   d. 
10    0    0 
IS    0    0 
20    0    0 
26    0    0 
80    0    0 
iO    0    0 
60    0    0 

£    t.    d. 

«     *.    d. 
0    2    6 
0    3    9 
0    6    0 
0    8    3 
D    S    0 
0  11     0 
0  14    0 

and  3«.  for  every  additional  rate  of  £10. 


44  of  2-in.   iron  pipes,    mclnding*  Talres, 

Sre'plnga,  outlet  pipca,  and  all  ap- 

purteiiaiiees,  at  \a.  id. 

1,490  of  S-rn.  dino,  at  3i.  id. 

S21  of  4-iQ.  ditto,  at  b.  id. 

026  of  5-iii.  ditto,  at  Si. 

80  of  B-in.  ditto,  at  65.  6d. 


2,616 

Waler  Supply  arid  ila  Coat  /or  «n 
Ttad  to  the  firifuA  Aiaaeialiea 
GUugpw.     Vide  Bnilder,  /or  ISI 


ne  Oilier  and  Toton*,  from  a  Faper 
at  Leeds,  in  13S8,  by  Dr.  Strang,  oj 
38,  p.  653. 
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The  cost  of  pumping  varies  with  circumstances ;  we 
believe  that  pumping  engines  cannot  be  put  down  at 
less  than  from  £60  to  £100  per  horse  power^  dependent 
on  the  size  of  the  engine,  although  the  Board  of  Health 
adopted  a  standard  of  £50  per  horse  power.  For  the 
town  of  Drogheda  we  estimated  for  two  engines  at  £76 
per  horse  power.  The  following  information  respecting 
the  cost  of  the  Waterworks,  Cork,  was  kindly  furnished 
to  the  author  by  Sir  John  Benson,  the  engineer,  who 
designed  and  carried  out  the  works. 

CORK  WATER  WORKS. 


Steam  engine  100- 
horse  power. 


Two  SO-hone  power 
turbines. 


Reservoirs — 
One    of  S»500,000 

gaUons. 
One  of  563,000  gal- 
lons. 
Cost  per  head. 

Valuation  standard 
per  pound  on  the 
valuation. 

Yearly  cost  per  five 
inhabitants. 

Water  supplied. 


Direct  acting  Cornish  Engine  with 
three  cylindrical  flue  boilers,  in- 
cluding engine  and  boiler  hoase, 
setting  boilers,  chimneys,  &c.,  &c., 
per  horse  power      .        .        .     . 

Two  turbines  completed  with  four 
11  in.  ram  pumps  on  each,  includ- 
ing buildings,  cisterns,  sluices, 
gates,  screens,  per  horse  power 

One  reservoir  on  a  level  of  186  ft 

over  weir 
One  reservoir  on  a  level  of  360  ft. 

over  weir    .... 
The  inhabitants  in  1851,  86,000 
The  inhabitents  in  1861,  100,000  . 
City  valuation,  £112,000  .        .     . 


Distribution  per  house  of  every  five 
persons 

Quantity  supplied,  including  manu- 
factories, to  one  person  per  day  . 


£    8,     d. 


55    0    0 


44    0    0 


4,900    0    0 


0  15 
0  13 
0  11 


3i 

0 

7 


0    5    0 
30  gallons. 


The  total  estimated  cost  of  engines,  including  pumps, 
engine  houses,  wells,  &c.,  for  raising  the  London  sew- 
age, is  £70  per  horse  power,  and  the  annual  cost  £20 
per  horse  power.* 

♦  Main  Drainage  Report,  1857,  p.  29. 
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When  coals  are  10«.  per  ton,  the  cost  of  an  engine 
exceeding  100-horse  power,  single  acting  Cornish, 
working  night  and  day,  will  be  £10  per  horse  power ; 
when  coals  are  \5s.  per  ton,  the  cost  would  be  £1%  per 
horse  power ;  when  coals  are  20«.  per  ton,  the  cost 
would  be  £16  per  horse  power ;  when  coals  are  25«. 
per  ton,  the  cost  would  be  £19  per  horse  power.  These 
estimates  have  been  given  by  Mr.  Hughes,  and  include 
every  expense  of  coals,  wages,  oil,  tallow,  materials  for 
packing,  cleaning,  &c.,  but  none  for  interest  of  capital 
or  depreciation  of  machinery* 

At  Ely  the  cost  of  pumping  is  stated  by  a  writer  in 
the  Builder  to  be  as  follows : — 

To  pump  one  million  gallons  140  feet  higb,  the  old  engine  con- 
sumes : —  £  s,  d. 
Four  tons  of  coal,  at  168.  per  ton  .        .                .340 

Oil,  tallow,  and  packing 0  12    0 

Wages 0    9    0 

Total  cost  of  pumping  one  million  gallons         ..450 
which  gives  Id.  per  1,000  gallons  pumped  140 
feet  high  (not  a  very  high  price). 
The  new  engine  requires : — 
Five  and  a  half  tons  of  coal  at  169.        •        .        .480 

Oil  tallow,  and  packing 1  10    0 

Wages 120 

Total  cost  of  pumping  one  million  gallons  140  feet 

high 700 

which  is  65  per  cent  more  money  than  the  old 
engine  requires. 

While  another  writer  in  the  same  periodical  states,  that 
the  cost  of  pumping  1,000,000  gallons  with  the  old 
engine  was  £4  18$.  8j^.,  and  with  the  new  engine, 

*  Main  Drainage  Report,  1857,  p.  447. 
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£\  10s.  Id.  In  the  preceding  table,  arranged  from  in- 
formation in  Mr.  Hughes'  book,*  the  estimated  cost 
of  pomping  engines  for  various  works,  English  and 
American,  is  given. 

In  Example  28,  pages  25  to  27>  we  have  pointed 
out  the  method  of  calculating  the  increase  of  horse 
power  required  in  raising  water  through  pipes  from 
friction,  and  also  the  great  increase  of  this  extra  head 
if  the  velocity  increases  ;  the  increase  being  nearly  as 
the  square  of  the  velocity.  In  addition  to  this,  an 
aUowance  of  horse  power  must  be  made  for  bends, 
curves,  junctions,  and  other  obstructions,  for  the 
effects  of  which  see  Section  XI.  The  more  slowly 
the  water  is  pumped,  the  less  will  the  loss  be  from 
these  causes  through  the  same  pipe.  It  is  therefore, 
so  fiur,  advisable  to  give  as  large  a  diameter  to  the 
pipes  supplying  a  reservoir  fi*om  a  pumping  engine  as 
other  aspects  of  the  question,  cost,  and  engine  power, 
will  admit. 

A  report  by  the  Water  Committee  of  Plymouth, 
printed  in  a  local  newspaper  of  18th  October,  1864, 
contains  much  useful  information  respecting  the  water 
supply  of  the  following  places  at  that  time : — 

Bristol  (population  140,000). — This  city  is  supplied 
by  a  company  drawing  its  water  from  the  Mendip-hills; 
the  pipes  being  too  small  and  quantity  deficient,  it  is 
not  continuous,  nor  is  the  quality  good.  The  scale  of 
rates  ranges  from  5  per  cent,  on  low  rentals  to  3  per 
cent*  on  rentals  of  i^lOO,  and  2|  per  cent,  on  rentals 
of  i>200  and  upwards.     For  trade  purposes  the  water 

*  Weale;  Loadon. 
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rate  is  6(2.  per  1^000  gallons  the  minimum,  to  Is.  6d. 
per  1,000  gallons  the  maximum.  Water  closets, 
stables,  baths,  &c.,  charged  extra  to  domestic  supply 
and  reduced  rates — ^no  overflow  or  waste  pipe  per- 
mitted to  communicate  with  any  cistern  or  bath  unless 
supplied  by  meter.  No  cistern  for  closet  containing 
more  than  two  gallons  allowed  without  extra  payment. 
The  company  undertakes  plumbers*  work  on  moderate 
terms. 

Gloucester  (population  30,000). — The  Local  Board 
of  Health  hold  the  water  works  in  trust  for  thisi  city. 
For  domestic  purposes  the  rates  are  moderate,  houses 
under  £10  paying  8«.  Sd.  per  annum ;  from  £10  to 
£60,  5  per  cent. ;  £60  to  £70,  SJ  per  cent. ;  £70  to 
£80,  8 J  per  cent;  above  £80,  8J  per  cent.  Meter 
rates  were  only  determined  on  in  December,  1862 ; 
range  from  &d.  per  1,000  gallons  on  the  million  and 
upwards^  to  Is.  per  thousand  gallons  under  100,000 
gallons.  Service  box  cisterns  are  not  enforced, 
although  generally  adopted  by  the  better  class  of 
consumers. 

Derby  (population  46,000). — ^A  private  company 
supplies  this  city.  The  supply  is  constant  at  high 
pressure,  and  is  of  good  quality.  All  house  apparatus 
and  fittings  are  in  accordance  with  the  regulations  of 
the  company,  and  subject  to  the  inspection  of  their 
officers.  Service  box  cisterns  to  closets  are  strictly 
enforced.  No  overflow  or  waste  pipes  are  permitted 
to  cisterns  without  meters,  and  rain  water  carefully 
excluded  therefrom.  The  seale  of  rates  for  domestic 
use  and  by  meter  is  moderate.  The  Local  Board  of 
Health  contracts  for  the  supply  of  baths  and  wash- 
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houses,  at  the  rate  of  %d.  per  1,000  gallons.  Water 
for  streets,  when  not  drawn  from  the  river,  is  charged 
at  the  lowest  meter  rate.  The  consumption  is  rather 
above  19  gallons  per  head  per  day,  including  numerous 
wells  and  large  manufactories. 

NoTTTNGHAM  (district  population,  76,000).  —  We 
cannot  say  too  much  in  commendation  of  the  superior 
arrangement  and  management  of  the  water  works  of 
this  town,  for  whilst  the  greatest  economy  is  used,  an 
abundant  amount  of  contentment  is  manifested  by  the 
consumers :  the  consumption  averaging  17  galls,  per 
head  per  day.  A  constant  high  pressure  supply  has 
been  maintained  by  the  company  for  the  last  20  years. 
Overflow  or  waste  pipes  to  cisterns  are  prohibited,  but 
warning  pipes  in  exceptional  cases  fitted  with  the 
approval  of  inspectors.  All  water  closet  cisterns  are 
fitted  with  service  boxes,  and  in  no  case  is  rain  water 
allowed  to  flow  into  any  such  cisterns.  No  supply  is 
allowed  to  be  laid  on  or  apparatus  fixed  by  any  other 
than  an  authorised  plumber  or  the  workmen  of  the 
company.  The  rates  vary  according  to  the  level  sup- 
plied :  consumers  by  meter  pay — 

Price  per  1,000  gallona. 
Lower.        Middle.     Higher. 
d.  d,  d. 

Not  exceeding      50,000  galls.      6  9  12 

400,000  galls.      4i  6|  9 

Exceeding       1,600,000  galls.      S  4^  6 

Tanks  with  meters  affixed  are  placed  in  suitable  parts 
of  the  town  for  supplying  carts  for  street  watering,  a 
cart  being  filled  in  three  minutes,  the  Local  Board 
paying  the  lowest  meter  rate.      The  company  have 
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adopted  call-books  for  complaints,  repairs,  &C.9 
plumber's  book  for  instmctiony  and  issue  cards  for 
securing  attention  to  the  work  required  to  be  done. 

Norwich  (population  75,000). — The  water  works  of 
this  city  furnish  another  example  of  good  management. 
The  average  consumption  for  private  and  public  pur- 
poses is  14^  gallons  only.  A  beneficial  change  is  due 
entirely  to  the  zealous  care  in  distribution,  seconded 
in  a  praiseworthy  manner  by  a  discriminating  public. 
The  company  does  a  large  portion  of  the  plumbing  and 
water  fittings,  the  best  feeling  exists  between  the 
various  tradesmen  and  the  officers  of  the  company. 
The  service  box  cisterns  here  provided  for  closets  are 
very  simple,  effective,  and  not  liable  to  get  out  of 
order ;  iron  rods  take  the  place  of  wire.  The  cost  is 
abo  so  smaU  as  to  be  within  reach  of  the  poorer 
classes.  Patterns  of  those  and  cast-iron  street  or 
courtyard  stand  pipes  will  be  submitted  to  the  inspec- 
tion of  the  Plymouth  Water  Committee.  The  same 
regulations  are  in  force  here  as  at  Nottingham  as  to 
domestic  supply,  &c.  The  rates  are  moderate,  com- 
mencing at  4«.  4d.  per  annum  for  tenements  under  £6 
per  annum ;  above  £6  and  under  £100,  5  per  cent. ; 
above  £100,  4^  per  cent.  This  is  exclusive  of  water 
closets,  which,  with  stables,  gardens,  &c.,  are  charged 
extra.  Meter  rate — ^Not  exceeding  200,000  gallons 
per  annum,  Is.  per  1,000  gallons ;  not  exceeding 
1,000,000  gallons  per  annum,  IQd.  per  1,000  gallons  ; 
exceeding  1,000,000  gallons  per  annum,  Sd.  per  1,000 
gallons ;  Local  Board  for  street  watering,  if  amounting 
to  7,000,000  gallons  per  annum,  Id.  per  1,000  gallons. 
It  might  be  noticed  that  the  Town  Council  of  this  city 
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guaranteed  the  Water  Company  5  per  cent,  on  their 
outlay,  after  which  the  Council  was  to  receive  a  moiety 
of  the  profits.  The  civic  authorities  of  Edinburgh  have 
adopted  the  arrangements  carried  out  in  this  city,  and 
we  heartily  recommend  their  application  where,  neces- 
sary, for  Plymouth. 

Leicester  (population  69,000).  —  The  supply  of 
water  to  this  town  is  in  the  hands  of  a  private  com- 
pany, who  -have  expended  the  sum  of  d69O,O0O.  The 
Local  Board  of  Health  holds  680  shares,  and  is 
entitled  to  half  the  profits  after  a  dividend  of  5  per 
cent,  shall  have  been  paid  to  the  shareholders.  The 
water  is  at  high  pressure  and  continuous.  Storing 
cisterns  for  house  purposes  are  not  much  used,  but  if 
adopted  must  be  without  waste  pipes,  or  inlet  of  rain 
water.  Water  closets  in  all  cases  are  fitted  with 
flushing  service  boxes,  or  must  be  self-acting  apparatus. 
The  scale  of  rates  ranges  firom  5  per  cent,  on  low 
rentals  to  8^  per  cent,  up  to  £100,  and  8  per  cent 
above  £200.  Water  rates  range  fi-om  &d.  per  1,000 
gallons  the  minimum  to  lOd.  per  1,000  the  maximum. 
The  Local  Board  of  Health  is  charged  2^.  per  1,000 
for  street  watering,  having  meters  attached  to  the 
mains.  The  company's  regulations  to  prevent  waste 
of  water  are  strictly  enforced. 

Great  Yarmouth  (population  80,000). — This  town 
has  the  benefit  of  a  well-governed  water  company. 
There  is  a  constant  supply  at  high  pressure.  The 
scale  of  rates  is  6  per  cent,  on  the  rental  up  to  £100 
per  annum,  with  5  per  cent,  on  the  excess  in  addition 
— this  including  one  water  closet  only — 6«.  per  annum 
is  charged  for  all  others  in  addition,  and  10^ •  for  baths. 
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The  meter  rate  is  also  high,  ranging  from  ^8.  per 
1,000  gallons  to  Is.  8(2.  The  Local  Board  has  an 
especial  rate  for  watering  the  streets.  Water-closets 
are  in  all  cases  fitted  with  double-valve  service  boxes  ; 
but  few  cisterns  for  domestic  supply  are  in  use  (not 
being  needed),  but  in  these  overflow  and  waste  pipes 
are  prohibited.  The  manager  of  the  company  will, 
however,  permit  detective  or  warning  pipes  where  neces- 
sary. The  company  is  willing  to  execute  all  plumbers* 
work  if  required,  but  all  such  work  must  be  done  under 
inspection.  We  have  during  our  tour  of  inspection 
kept  in  view  thfe  object  for  which  it  was  proposed, 
namely,  that  of  ascertaining  the  means  by  which  a 
constant  supply  of  water  may  be  secured  to  the 
inhabitants  of  this  borough,  and  to  suggest  the  prac- 
tical application  of  such  means.  The  attainment  of 
so  desirable  an  object  can  be  secured  very  speedily  by 
the  submission  of  water  consumers  to  the  absolute 
control  of  appointed  officers  over  all  fittings,  and  the 
adjustment  of  apparatus  of  every  kind.  Having  wit- 
nessed the  beneficial  effect  of  such  wholesome  regula- 
tions as  have  been  referred  to  in  the  preceding  remarks, 
we  cannot  but  anticipate  similar  advantages  by  their 
adoption. 

In  Plymouth. — ^We  desire  therefore  to  recommend 
the  general  application  of  the  rules  and  regulations  as 
adopted  in  Nottingham  and  Norwich,  which  embody 
among  them  the  following  provisions — 1st,  that  all 
applications  for  the  supply  of  water,  notice  of  insuffi- 
cient supply,  and  other  complaints,  be  recorded  in  a 
call  book;  that  visiting  cards  be  issued  authorising 
the  attendance  of  the  workmen  necessary,  and  a  com- 

B  B 
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plete  registry  being  kept  of  all  such  work  performed  ; 
2nd,  that  wherever  practicable,  cheap  water  closets 
be  recommended  in  lieu  of  open  privies ;  3rd,  that 
all  water  closets  be  fitted  with  full  and  complete  appa- 
ratus for  flashing  by  means  of  service  cisterns,  or  such 
other  description  of  closets  as  shall  be  approved^ 
and  that  valves  be  worked  by  rods  instead  of  wires  or 
chains;  4th,  that  cisterns  be  without  overflow  or 
waste  pipes,  but,  with  the  approval  of  officers,  detective 
or  warning  pipes  be  substituted;  5th,  that  high 
pressure  taps  be  introduced  with  new  fittings,  and  all 
drawing  and  ball  taps  to  be  of  the  approved  kinds : 
in  open  court  yards  and  exposed  places,  taps  to  be 
protected  with  iron  casing,  and  be  made  to  open  with 
keys  supplied  to  the  ratepayers  only ;  6th,  that  wire 
gauze  screens,  in  the  absence  of  filtration,  be  placed 
where  desired  by  your  surveyor.  We  also  further 
recommend  that  as  soon  as  practicable  the  condition 
of  all  the  fittings  and  premises  at  present  supplied  with 
water  be  duly  registered,  with  a  view  to  an  early  repair 
and  correction  where  necessaiy.  It  is  not  necessar)*, 
in  adopting  the  preceding  recommendations,  that  the 
supply  of  water  shall  in  any  degree  be  stinted,  but 
the  exercise  of  a  moderate  amount  of  economy  would 
enabU  a  constant  supply  to  he  given,  and  would  doubt- 
less tend  to  the  development  of  many  branches  of 
manufieu^ture  in  the  town  in  which  water  forms  an 
essential.  The  domiciliary  visits  for  the  inspection  of 
premises  would  be  in  no  way  ofiiensive,  but  would  be  of 
the  same  nature  as  those  now  made  for  inspection 
of  gas  apparatus,  and  we  have  the  evidence  of  numerous 
householders  in  towns  we  have  visited  that  the  greatest 
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respect  and  civility  are  manifested.  It  is  not  onr  aim 
or  desire  to  abolish  cisterns  now  in  use,  hut  the 
CONSTANT  SUPPLY  SYSTEM  wUl  Tender  80  large  an  expen- 
diture unnecessary  in  future,  cisterns  for  flashing  closets 
being  then  only  necessary. 

THICKNESS   OF  PIPES  FOB  WATER  WORKS. 

It  is  evident  that  the  thickness  of  a  pipe  should  be 
at  least  sufficient  to  bear  the  pressure  of  the  atmos- 
phere, and  therefore  the  whole  pressure  in  a  pipe  is 
best  expressed  by  a  determinate  number  of  pressures, 
each  equal  to  that  of  a  column  of  water  88  feet  high. 
If  n  be  the  number  of  such  pressures,  or  the  number 
of  units  each  equal  to  88  feet  high,  d  the  diameter  of  the 
pipe  in  inches,  and  t  the  thickness,  also  in  inches,  we 
shall  have  for 


Iron  pipes,  plate  . 
Iron  pipes  cast  horizontally 
Iron  pipes  cast  vertically 
Copper  pipes,  plate  . 
Lead  pi] 


pipes   • 
Zinc  pipes 
7.    Artificial  stone 


•0009  nd-h  -13 

•0024  nd+  •SS 

•0016  nd+  ^32 

•0016  »  d  +  •le 

•0024  nd-k-  '19 

•0051  TO  rf  +  -16 

'OOH  nd-t-  1-60 


For  cast-iron  pipes  the  engineer  of  the  Paris  water 
works,  M.  Dupuis,  adopted  in  his  practice  a  formula 
which  is  equivalent  to 
(B.)  t  =  -0016  nd  +  -32  +  'OlSd 

in  the  foregoing  measures.     This  formula  may  also  be 
expressed  as  follows : — 
(C.)  t  =  (-0016  n  +  -018)  d  +   82. 

If  d  be  12  inches,  and  n  =  9,  corresponding  to  a 
pressure  of  297  feet,  we  shall  find  from  the  last  equa- 
tion, t  =  (-0144  +  -018)  X  12  -I-  -82  =  '8886  +  -82 

B  B  2 
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=  '6536  inch.  All  pipes  should  however  be  proyed 
with  ten  atmospheres,  or  830  feet,  and  in  practically 
applying  the  above  formnl^e  in  equation  (A),  for  finding 
the  thickness  of  pipes,  the  value  of  n  should  always 
have  10  added  to  it.  Hence,  applying  formula  (A), 
No.  3,  to  our  example,  we  get  t  =  "0016  x  19  x  12 
-f  *32  =  '6848  inch,  which  is  the  same  practically  as 
found  from  equation  (C). 

SEWERAGE  COST. 

As  for  water-works,  the  minimum  rain-fall  of  a 
district  should  be  calculated  upon ;  so  the  maximum 
fall  must  be  considered  for  sewerage  and  drainage 
works.  We  have  already  shown,  page  340,  that  for  a 
population  of  80  persons  per  statute  acre,  and  a  dis- 
charge of  two-fifths  of  an  inch  in  eight  hours,  sewers 
should  be  calculated  to  dischai^e  about  8|  cubic  feet 
per  minute,  the  rain  supply  being  about  seven  times 
the  house  supply,  or  sewage,  including  house  water 
supply.  Instances  are  quoted  in  which  the  dischai^e, 
after  a  heavy  rain-fall,  amounted  to  20 J  cubic  feet  per 
minute  per  acre,  as  in  the  Savoy-street  sewer,  which 
of  course  was  principally  surface  water,  as  the  sewage 
of  80  persons  at  7  cubic  feet  per  person,  one-half  of 
which,  if  discharged  in  eight  hours,  would  only  be 

Qf\  V  7  •  35 

^       },  =  85  cubic  feet  per  hour,  or  ^  =  -59  feet 
8x2  ^^ 

nearly  per  minute,  which  is  only  about  the  thirty-third 
part  of  204  feet.  In  other  words,  the  stonn  waters 
were  thirty-three  times  the  amount  of  house  sewage. 
It  would  be  waste  to  provide  drainage  for  so  much 
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surface  water  considered  in  itself,  where  it  can  be 
passed  off  from  the  surface  channels.  But  sewage  is 
not  water,  and  it  is  essential,  in  the  greater  number  of 
cases,  that  sewers  should  be  flushed  occasionally.  It 
is  absurd  to  calculate  the  size  of  sewers,  as  if  the 
sewage  matter  were  thoroughly  diluted  or  passed  ofi' 
like  water.  In  fact,  the  sewage  in  part  lies  at  the 
bottom  of  the  sewer,  or  is  deposited  there  in  nine 
cases  out  of  ten,  while  the  house  supply  of  water 
passes  on  and  escapes  over  it,  removing  only  diluted 
and  detached  portions.  It  is,  therefore,  of  import- 
ance, where  artificial  flushing  and  cleansing  out  are 
not  provided,  that  storm  waters  should  occasionally 
pass  through  and  flush  a  system  of  sewers,  particularly 
the  main  or  arterial  lines.  An  engineer  must  be 
guided,  in  calculating  the  dimensions,  &c.,  of  main 
sewers,  by  the  circumstances  of  each  case.  The  incli- 
nations to  be  obtained,  the  form  of  the  bottom  or 
invert,  the  rain-fiEiU,  the  amount  of  sewage  which  will 
not  affect  the  size  to  any  considerable  extent,  the 
material  and  the  cost  consistent  with  permanency. 

The  discharging  power  of  a  water  channel  is  more 
than  doubled  by  increasing  its  dimensions  by  one- 
third  ;  and  it  is  increased  in  the  proportion  of  5*7  to 
1  by  doubling  the  dimensions.  By  giving  four  times 
the  fall,  the  same  channel  will  only  double  the  dis- 
charge. Now  a  pipe  2  feet  in  diameter  with  a  fall  of  1 
in  200,  would  discharge  fully  1000  cubic  feet  of  water 
flowing  fiill  with  a  velocity  of  5'4  feet  per  second :  at 
3  J  cubic  feet  per  minute  per  acre,  for  a  population  of 
80  to  the  acre,  the  thoroughly  diluted  sewage  of  280 
acres  would  be  passed  off  by  one  such  pipe ;  that  is. 
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the  sewage  from  20,400  persons,  on  280  acres,  and 
also  two-fifUis  of  an  inch  of  rain  falling  for  eight 
hours,  can  be  conveyed  off  by  a  2  feet  pipe,  with  a  fall 
of  1  in  200.  But  as  this  rain  supply  is  about  seven 
times  the  house  supply,  passing  2^  feet  per  person  off 
in  eight  hours,  made  up  of  faeces  and  used-up  water 
supply,  it  is  apparent  that  such  a  pipe  would  convey 
about  eight  times  the  sewage  alone  of  the  district,  if 
flowing  as  water;  and,  under  any  circumstances, 
would  be  abundantly  large  for  the  duty,  even  when 
assuming  the  whole  quantity  to  pass  in  at  the  upper 
end.  For  a  fall  of  1  in  800,  two  such  pipes  would  be 
required,  or  one  pipe  82  inches  in  diameter  ;  for  a  fall 
of  1  in  8,200,  four  2  feet  pipes  would  be  required,  or 
one  pipe  8  feet  6  inches. 

House  drains  should  not  be  less  than  6  inches  in 
diameter,  and  should  have  feu^ihties  for  being  cleaned, 
either  by  using  half-flange  joints,  or  by  having  a 
moveable  upper  segment.  The  inclination  for  these 
drains  should  be  uniform,  but  the  amount  is  not  so 
important  as  some  appear  to  think,  if  proper  provision 
be  made  for  cleaning.  Where  flushing  is  used,  cast- 
iron  pipes  are  the  best,  but  they  are  also  the  most 
expensive.  House  drains  of  brick  with  a  V  tile 
bottom  covered  with  flags  or  bricks  are  perhaps  the 
best,  as  the  capacity  can  be  considerably  augmented 
by  adding  to  the  height  of  the  sides,  and  they  can  be 
at  aU  times  easily  opened  and  cleaned.  If  inclinations 
from  1  in  50  to  1  in  20  can  be  had,  so  much  the 
better.  The  following  items  as  to  cost  have  been 
selected  from  the  "  Builder  "  :^- 
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COST  OP  SEWERS,   NEWPORT,   MONMOUTHSHIRE. 


Total 

ATengo 
depths. 

Sises  of  aewoB. 

TblcknesseB. 

Cost  per 
footUneaL 

feet. 

ft.     in. 

ft.  in.      ft.  in. 

in. 

9.    d. 

1,322 

15       6 

4    6  by  3    6 

9 

11     8 

2,217 

13      0 

4    6  by  8    0 

9 

10   14 

6,110 

12      0 

3    0  by  2    2 

9 

7    7i 

12,354 

11       8 

3    0  by  2    2 

6 

5    3} 

1,953 

9      3 

2    6  by  1  10 

6 

4    7 

9,663 

10      0 

2    6  by  1  10 

44 

3    8 

690 

10      2 

2    3  by  1    9 

4i 

3    5 

3,264 

8      6 

1    2  dmmeter 

44 

2    4) 

COST   OF   SEWERS  AND   PIPES    IN   PRESTON. 

The  following  extract  from  a  published  summary 
of  public  works  executed  during  the  year  ending 
April  80th,  1859,  contains  some  useful  informa- 
tion : —  ^ 

Yards. 

60  of  Brick  Sewers,  2  ft.  6in.  diameter  at  7«. 

538  3ft.  by  2ft.,  at  175.  6<2 

294  3ft.  6in.  by  2ft.  4in.,  at  28^.      .        .     . 

372  3ft.  9in.  by  2ft.  6in.,  at  28^.  . 

250  4ft.  3in.  by  2ft.  lOin.,  at  41«.  9<2.      .     . 

56  4ft.  6in.  by  3ft.,  at  75«.  Id.   . 

66  4ft.  6in.  diameter,  at  40^.  9(2.    .        .     . 


1,636 

42  of  Cast-iron  Sewer,  2ft.  diameter,  at  36^. 
22  of  Earthenware  Pipe  Sewer,  6in.  diame 
ter,  at  4«. 
1,129  9in.  diameter,  at  7s.  5d.   . 
565  12in.  diameter,  at  Ss.  9d. 
88  15in.  diameter,  at  11^.  Bd, 
98  18in.  diameter,  at  IZs,  . 
145  21in.  diameter,  atlSs,  6d. 


2,089 


£    5.     d. 
21     0    0 

&    s. 

d. 

470  15    0 

412  12    0 

520  16    0 

521  17    6 

211  12    8 

134    9    6 
2,293    2 

8 

75  12 

0 

4    8    0 

418  13    5 

247    3    9 

49  10    0 

63  14    0 

134    2    6 

917  11 

8 

Total,  including  superintendence,  also  man-holes,  street 
gullies,  and  all  appurtenances      .... 


£3,286    6    4 
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TABLE  showing  the  prices  of  Tiibular  Drains  as  made  by  the  Board  of 
Health  in  1852,  fifty  per  cent,  being  added  for  profit,  Ac. ;  and  the 
sdU  prices  in  the  market. 


a 
ia 

5 
6 
9 

Lengths. 

Bed 
earthen- 
ware pipes 
made  by 
the  Board. 

prices. 

Stoneware 
idasedat 

Sale 
prices. 

AsHiimed  gain. 

On 

red  ware 

pipes. 

Over 

^aaed 

stoneware 

For  1,000  feet 
For  1,000  feet 
For  1,000  feet 

£    S.    d. 
6  15    0 
9  14    0 

15    1     6 

£  s.    d. 
20  16    8 
25    0    0 
87  10    0 

£   5.    d.£,    8.    d. 
25     0    014    1     8 
29     3     415     6     0 
50    0    022    8    6 

£    8.    d. 

18  5    0 

19  9     4 
34  18     6 

Did  the  Board  of  Health  here  add  the  cost  of  their  own  establish- 
ment and  staff  to  the  cost  of  production?  The  manniactarer  and 
salesman  mnst  surely  lire,  at  least  the  Author  thinks  so. 


The  following  estimates  were  made  for  laying  pipes 
at  Tottenham,  not  including  their  cost : — 


Diameter 

of  pipe 

in  inches. 

6 

9 

12 


Depth 
6  feet. 

Sid. 

did. 

Hid. 


Depth 
8  feet. 

lid. 

liid. 
16id. 


Depth 
10  feet. 

12d. 

Uid. 

194(2. 


The  cost  of  laying  alone  at  St.  Thomas's,  Exeter, 
was — 


6  inch  pipes 

9 
12 
15 
18 


>f 


>» 


*f 


Bd.  per  foot  lineal 

5d. 

9d. 

9d. 


9t 


l» 


» 


»» 


»» 


3  to  4  feet  deep. 
8  to  4  feet  deep. 
5  feet  deep. 
5  feet  deep. 
5  feet  deep. 


lid. 

2d.  per  foot  lineal  for  relaying  pitching  ;  id.  for  macadamised 
roads ;  and  6d.  for  pavements. 
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ESTIMATE  FOR  SEWERS  AT  BRIOHTOy. 


Length  in  yards. 

Price 
yard. 

Amoimt. 

Bride  Sfirers : — 
Diameter. 

6ft. 

4ft.  6in. 

4  ft.  6  in.  by  3  ft.      .     . 

8ft.  9in.  by2ft.  6in.  . 

8  ft.  by  2  ft.               .     . 

2ft.  8  in.  by  1ft.  6  in.  . 
Total  brick  sewers       .     . 

EarVunuxire  Pipe  Sewers  : 
15  inches  diameter 

1-2      )i            i»          •     . 

Total    earthenware    pipe 

sewers  .... 

4,850 
350 
4,000 
1,890 
2,820 
8,580 

22,490 
53,896 

£    8. 

3  10 
2  10 
2    8 
2    2 
1  16 
0  18 

16,975     0 
875    0 
9,600    0 
3,969     0 
5,076     0 
7,722    0 

9,466 
44,430 

t.    d. 
13    6 
10    0 

6,889  11 
22,215     0 

Cast-iron  Pipe  Senders : — 
3  in.  diameter  .        .     . 
1  ft.  6  in.  ,, 

Total  cast-iron  pipe  sewers 

Total  length  of  sewers      . 
Or  44  miles  956  yards 

750 
1,260 

2,010 

7    0 
3    0 

5,250     0 
3,780    0 

78,396 

Man  holes  and  ventilating 
shafts                .         .     . 

Lamp-holes 

Gullies        .         .         .     . 

Outlet    works,   overflows, 
and  extra  work  on  steep 
gradients,  Ac. 

Contingencies,    including 
repair^  kc,,  of  existing 
sewers,  10  per  cent. 

Total                 .     . 

Nnmber 
600 
600 
3,000 

20    0 
4    0 
8  10 

12,000    0 

2,400    0 

10,500    0 

5,000    0 

11,178    9 

£122,930    0 

The  author  has  constnicted  a  large  quantity  of  main 
sewers,  from  18  inches  to  2  feet  and  2  feet  6  inches 
wide,  and  4  feet  6  inches  high;  the  side  walls  built 
with  nibble  masonry,  9-inch  segment  inverts  laid  with 
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4|  -inch  courses  in  cement ;  the  top  sometimes  flagged, 
when  flags  of  sufficient  length  could  be  procured,  and 
sometimes  arched  with  rough  rubble  arches.  The 
invert  was  laid  on,  well  bedded,  well  rammed,  rubble 
to  prevent  subsidence,  and  preserve  the  bottom  incli- 
nation uniform.  The  cost,  at  an  average  depth  of 
about  9  feet,  was  9«.  per  running  foot,  the  side  walls 
being  about  18  inches  thick.  Upright  side  walls, 
where  rubble  is  cheap,  have  many  advantages  in  giving 
a  considerable  increase  of  capacity  for  a  small  outlay. 
The  tenement  and  house  drains  were  of  earthenware 
pipes.  Cast-iron  gully  grates  and  traps,  weighing  8 
cwt.,  cost  80«.  each  ;  the  grate  fastened  by  a  wrought- 
iron  chain. 

The  following  regulations  were  laid  down  for  Cam- 
bridge and  Carlisle : — 

STIPULATIONS  FOR  CAMBRIDGE  DRAINAGE. 

*'  Water  from  the  rear  of  premises  should  not  be  conveyed  to  the 
front  under  the  basement  floor. 

''  Rain- water  from  the  roofs  should  not  be  conveyed  into  the  base- 
ment, bat  conducted  into  the  sewer  by  shallow  drains. 

"Cast-iron  pipes  may  be  used  for  basement  drains  in  some  in- 
stances. 

"The  scullery  sink  should  be  kept  as  high  as  possible,  and 
approached  by  a  step.  A  flat  trap  should  be  fixed  between  the  sink 
and  sewer. 

"  There  should  be  no  wat^r-closet  on  the  basement  floor ;  if  it  can- 
not be  arranged  elsewhere,  the  soil-pipe  should  have  a  flap  trap,  or 
.similar  contrivance,  to  prevent  the  influx  of  sewage  water.*' 

FOR  CARLISLE  DRAINAGE. 

'  "Stipulation  1. — If  water-closets  are  to  be  generally  used,  the 
description  of  such  to  be  sanctioned  by  the  Board,  the  same  to  be  fixed 
to  the  satisfaction  of  the  Surveyor. 
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"  2. — ^All  down>8pout8  to  be  connected  with  the  sewen  where  it  nuiy 
be  proper  to  eonncct  the  same  ;  in  all  cases  where  they  are  not  con- 
nected with  the  sewer  they  are  to  be  connected  with  the  channeL 

"  3. — ^AU  stench  traps  to  be  similar  to  samples  fomished  by  the 
Surveyor,  or  others  approTed  by  him,  and  properly  fixed  to  his  satis- 
faction. 

"4. — All  sewera  to  water-closets  not  to  be  less  than  six  inches 
diameter. 

"  6. — ^All  sewers  to  yards,  stables,  kitchens,  and  seolleries,  not  to 
be  leas  than  four  inches  diameter. 

*'  6. — ^In  every  case  the  whole  of  the  fall  to  be  made  available  £rom 
the  junction  with  the  main  sewer  to  the  end  of  the  private  drain,  that 
is  to  say,  only  one  inclination  to  be  used  from  the  junction  with  the 
public  aewer  to  the  end  of  the  private  drain  ;  and  all  branches  from 
the  private  drain  to  sinks,  water-dosets,  Ac.,  to  have  one  inclination 
from  the  junction  of  such  drain.  None  of  the  above  instructions  to 
be  departed  from  without  the  express  sanction  of  the  Surveyor. 

*'  7. — ^In  no  case  must  a  private  drain  be  put  in  with  a  less  fall  than 
one  in  fifty,  without  the  sanction  of  the  Surveyor. 

«*  8 — ^Ko  pipes,  water-closets,  stench  traps,  gullies,  kitchen  sinks, 
bend^  junction  or  tapering  pipes,  to  be  used  without  being  approved 
by  the  Surveyor. 

"  9.— All  aah  pits  and  dung  depdts  to  be  raised  to  the  level  of  the 
af^oining  ground,  to  be  properly  paved  and  drained  as  the  Surveyor 
may  direct. 

«<  10. — ^AIl  buildings,  outhouses,  Ac,  to  be  properly  spouted,  and 
the  water  conveyed  into  the  sewers  where  approved  of  by  the  Sur- 
revor." 

THOROUGH  LAND  DRAINAGE. 

The  following  instractions  and  general  specifications, 
haye  been  prepared  by  the  Commissioners  of  Public 
Works  in  Ireland,  for  the  ose  of  the  district  inspectors, 
and  persons  reporting  on  thorough-drainage.  The 
drains  are  made  in  general  parallel,  and  to  suit  the 
fall  of  the  ground.  The  depths  must  alter  in  order 
that  the  bottoms  should  have  an  uninterrupted  CeJI,  and 
may  vary  firom  2  feet  to  4  feet  6  inches  in  practice. 
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averaging,  say  about  8  feet  6  inches,  but  dependent 
on  circumstances.  The  portions  printed  in  italics 
are  from  specifications  prepared  by  officers  of  the 
Board,  and  are  varied  according  to  each  particular 
case : — 

GENERAL  OBSERYATIOKS. 

"  No  draiaage  works  should  be  undertaken  until  it  has  been  dearly 
aacertained  that  the  surface  level  of  the  maximum  floods  in  the  main 
drain  can  be  discharged  at  a  level  that  will  admit  of  the  submain 
drains  venting  the  waters  from  the  lowest  point  of  the  lands  proposed 
to  be  thorough-drained,  at  a  level  sufficiently  below  the  surface  of  such 
land,  that  the  highest  floods  shall  not  prevent  the  free  discharge  of 
such  submain. 

''When  sufficient  out-fiill  can  be  obtained,  no  open  main  drain 
should  be  of  a  less  depth  than  five  feet,  and  in  all  cases  a  greater  depth 
is  desirable,  in  order  to  insure  a  permanent  and  efficient  drainage,  and 
at  the  same  time  to  prevent  cattle,  ftc.,  from  crossing. 

"  As  it  has  been  found  by  practical  experiments  on  different  varie- 
ties of  soils,  that  deep  drains,  say  from  four  to  five  feet  deep,  are  more 
effective  than  shallow  ones  :  they  should  always  be  estimated  for,  when 
the  open  main  drains  admit  of  their  being  cut  to  that  depth,  or  when, 
by  a  moderate  outlay  per  acre,  the  main  drains  can  be  cut  to  a  suffi- 
cient depth ;  the  distance  between  the  parallel  drains  must  necessarily 
vary  with  the  texture  of  the  soU, — ^forty  feet  may  be  taken  as  a  general 
rule. 

OFBN  MAIN  DRAINS. 

"  Main  drains  should  have  gradients  of  such  inclination,  and  be 
sunk  to  a  depth  that  will  admit  of  the  above  stipulations,  as  to  the 
dischai^  of  the  submain  drains  being  carried  out.  They  should  have 
such  width  at  bottom  and  side  slopes  as  may  be  necessary  ;  and  be  free 
of  sharp  angles,  projecting  stones,  and  other  impediments  to  the  quick 
discharge  of  the  waters. 

"  The  spoil  or  material  raised  in  sinking  and  improving  the  drains, 
where  not  available  for  filling  up  useless  holes  or  drains,  should  be 
removed  to  a  proper  distance  from  the  edge  of  the  main  drains,  and 
dressed  off  in  a  workmanlike  manner. 

"The  abutments  and  piers  of  such  bridges  as  have  sufficient  breadth 
of  water-way,  should,  if  necessary,  be  carefully  under-pinned  ;  and 
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those  bridges  which,  are  insofficient  to  discharge  floods,  should  be 
taken  down  and  rebuilt  of  suitable  dimensions. 

COVZRIED  MAIN  DBAINS. 

"  Whenever,  from  the  nature  of  the  lands,  the  extent  of  the  district 
under  drainage,  and  the  quantity  of  water  to  be  Yoided,  it  may  be 
necessary  to  form  covered  main  drains  to  receive  the  water  discharged 
firom  the  submains,  their  dimensions  must  be  proportional  to  the 
amount  of  water  to  be  voided,  weU  flagged  or  paved  at  bottom,  the 
sides  built  of  stone  or  brick,  and  covered  with  a  flag  or  arch  at  top. 

SITBMAINS. 

**  The  submains  to  be  of  such  depth  and  width  at  top  and  bottom 
as  may  be  necessary.  The  fall  in  each  to  be  as  great  as  the  above- 
described  main  drainage  of  the  district  will  allow,  and  not  to  be 
allowed  to  run  beyond  a  suitable  length  without  discharging  itself  into 
a  covered  or  open  main  drain. 

THE  MINOB  DBAIKS 

*'  To  be  of  such  depth,  width  at  top  and  bottom,  and  at  such  distance 
apart,  as  will  secure  the  perfect  drainage  of  the  land,  to  be  run  in  a 
straight  direction  parallel  to  each  other,  directly  up  and  down  the 
declivity,  unless  where  the  declivity  happens  to  be  very  steep,  and 
then  to  be  earned  across  the  &11  at  such  an  angle  as  to  secure  a  free 
disehaige  for  the  water.  The  fall  in  each  minor  drain  to  be  as  gnat  as 
the  main  drainage  and  submain  drainage,  previously  described,  will 
admit 

« In  filling  in  the  stones,  great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  with  them  ; 
a  sod,  grass  side  down,  or  a  few  inches  of  tough  day,  to  be  placed  on 
the  surfiMX  of  the  stones,  and  trodden  firmly.  The  drain  should  then 
be  filled  up  with  the  stuff  previously  shovelled  out»  observing  to  keep 
the  active  soil  for  the  top.  The  putting  in  of  the  stones  to  be  com- 
menced at  the  highest  part  or  head  of  the  drain. 

*<  In  using  draining  pipes  or  other  tiles,  care  should  be  taken  that 
they  be  laid  firmly  on  the  bottom  for  their  entire  length,  so  as  to  pre- 
vent them  being  deranged  by  the  filling  of  the  dndn,  and  that  the 
points  be  fitted  as  doaely  together  as  possible. 

*'  In  cases  of  un&vourable  ground,  caused  by  running  sand  or  etlier^ 
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wise,  whereby  the  level  of  the  conduit  might  be  deranged,  collared 
pipe  tiles  offer  considerable  advantages  in  the  way  of  remedy. 

"  When  gripes  may  be  necessary  on  the  sides  of  farm  roads,  they 
should  be  on  the  field  side  of  the  fences." 


SPECIFICATION  FOR  MAIN  DRAINAGE. 

OPEN  MAIN  D&AINB. 

"  The  deepening  and  improving  of  the  main  drain,  I^o. ,  is  to 

be  commenced  at  the  point on  the  accompanying  map,  and  from 

thence  a  gradient  carried  up  to  the  point ,  having  an  inclination 

of  at  least feet  per  statute  mile,  and  sunk  to  the  depth  of 

feet.    It  shall  be feet  wide  at  bottom,  and  the  side  slopes  shall 

average at  least,  unless  in  rock  cutting,  when  the  side  slopes  may 

be  diminished  to  six  inches  to  one  foot ;  all  sharp  angles,  projecting 
stones,  and  other  Impediments  to  the  free  discharge  of  the  water,  must 
be  carefully  removed.  The  spoil  or  material  raised  in  sinking  and 
improving  the  drain,  when  not  immediately  used  for  top-dressing  the 
adjoining  lands,  or  for  filliug  useless  holes  or  drains,  is  to  be  removed 

to  a  distance  of feet  from  the  edge  of  the  main  drain,  and  dressed 

off  in  a  workmanlike  manner. 

"  The  bridge  marked  at  the  point on  the  accompanying  map 

to  be . 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  works  to  be  maintained  in  good  order  for  so  long  as  any 
interest  shall  be. payable  for  the  money  advanced  on  account  of  its 
execution." 


SPECIFICATION  FOR  THOROUGH-DRAINAGE 

(WITH  TILES). 

COVERED  MAIN  B&AINS. 

<<  These  shall  be  cut  fifty-fcv/r  inches  deep,  thirty "Six  inches  wide  at 
top,  twrnty-four  inches  wide  at  bottom ;  the  materials  used  in  them 
shall  be  double  rcw  of  thr«e4neh  pipe  tiles, 

"The  side  walla  shall  be inches  in  height, inches  thick, 

and  weU at  bottom.    They  shall  be  covered  with  a  flag  not  less 

than in  thickness. 
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STTBMAINS. 

"  These  shall  be  cat  ffty  inches  deep,  thirty  inches  wide  at  top, 
eighteen  inches  wide  at  bottom.  They  shall  be  earned  along  the  low 
side  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  distance  from 
the  fence  of  fifteen  feet,  and  throngh  nataral  hollows  where  necessary. 
No  submain  to  be  allowed  to  ran  beyond  a  length  of  two  hundred 
yards  without  discharging  itself  into  a  covered  or  open  main  drain. 

MINOR  DRAINS. 

"  These  shall  be  cat  forty-eight  inches  deep,  eixieen  inches  wide  at 
top,  five  inches  wide  at  bottom,  and  at  a  distance  of  forty  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  dedivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  a  length  of  two  hundred  yards  without  discharg- 
ing itself  into  a  submain. 

FILLING  IN. 

"All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  maimer,  and  it  being  ascertainod  that 
no  water  is  standing  in  any  of  them,  the  filling  in  may  be  com- 
menced. 

MINOR  DRAINS. 

"  Into  each  minor  drain  shall  be  put  pipe  tiles  tiu)elve  inches  in 
length,  one-and-a-half  inch  in  the  ope,  for  one  hundred  yards,  com- 
mencing from  the  upper  end  of  the  drain,  and  pipe  tiles  Uvelve  inches 
in  length,  one^and-three-quarUr  inch  in  the  ope,  in  continuation  &om 
thence  to  the  submains. 

StJBMAlNB. 

"  Into  each  submain  shall  be  put  pipe  tiles  twelve  inches  in  length, 
two  inches  in  the  ope,  for  one  hundred  yards,  commencing  from  the 
upper  end  of  the  drain,  and  pipe  tiles  twelve  inches  in  length,  three 
inches  in  the  ope,  in  continuation  to  the  end  or  point  where  they  dis- 
charge themselves. 

GENERAL  RULES. 

'*  All  tiles  to  be  of  good  sound  material,  and  well  burned.  The 
tiles  shall  be  laid  firmly  on  the  bottoms  of  the  drains  for  their  entire 
length  ;  the  joints  fitted  as  closely  as  possible,  they  shall  be  carefully 
covered  with  a  thin  grassy  sod  or  screen.  The  stuff  previously  taken 
out  of  the  drains  shall  then  be  returned,  observing  to  keep  the  active 
soil  uppermost. 
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"  The  mouths  of  the  covered  main  or  submain  drains  shall  be  bnilt 
about  with  solid  masoniy  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain,  into  which  they  discharge  them- 
.selves. 

"  Before  laying  the  tiles,  great  care  must  be  taken  that  the  bottom 
of  the  drains  be  clean.  The  putting  in  of  the  tiles  to  be  commenced 
at  the  highest  point  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  of  the  distance  between  each  of  the  minor 
drains,  into  one  or  more  of  which  (as  may  be  necessary)  it  shall  dis- 
charge itself.  The  remainder  of  the  minor  drains  to  be  discontinued 
'  at  a  distance  from  this  drain  equal  to  one-half  the  entire  distance 
between  each  of  the  minor  drains  ;  this  drain  to  be  of  the  same  dimen- 
sions, and  filled  with  the  same  materiaLs,  and  in  like  manner,  as  the 
above  described. 

"  No  open  drain  shall  run  into  a  closed  one. 

"  In  passing  through  unfavourable  ground,  caused  by  running  sand 
or  otherwise,  whereby  the  level  of  the  conduit  might  be  deranged,  and 
where  pipe  tiles  are  the  materials  used  for  forming  the  conduit,  collars 
must  be  used,  so  as  to  connect  the  ends  of  the  tiles,  and  they  must  be 
fitted  as  closely  as  possible. 

*'  Soles  must,  in  aU  cases,  be  used  when  laying  single  D  tiles,  and 
they  must  be  so  laid  that  the  ends  of  the  tiles  shall  rest  equally  on 
them ;  when  inverted  D  tiles  are  used,  they  shall  also  be  connected 
from  end  to  end  by  placing  one-half  of  the  upper  tiles  on  one-half  of 
the  a4Joining  tiles  below  them. 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner  ; 
and  the  work  to  be  maintained  in  like  good  order  ^s  when  appaoved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution."  [Collars  for  up  to  i-iruh 
pipes  can  be  had  at  the  Florenee  Court  Tilery.'} 

SPECIFICATION  FOR  THOROUGH-DRAINAGE  (WITH 

BROKEN  STONES). 

OOYEBED  MAIN  BBAIKS. 

"  These  shall  be  cut  foriy'two  inches  deep^  thirty  inches  wide  at  top, 
ttoenty'/our  inches  wide  at  bottom ;  the  materials  used  in  them  shall 

be . 

0  0 
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"The  side  walls  in  them  shall  be  twelve  inches  in  height,   six 

inches  thick,    and  well  at  bottom.      They  shall  be  covered 

with . 

SUBICADTS. 

"These  shall  be  cnt  forty4wo  inches  deep,  eighteen  inches  wide  at 
top,  fourteen  inches  wide  at  bottom.  They  shall  be  carried  along  the 
low  aide  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  distance 
from  the  fences  of  thirteen  feet,  and  through  oatnral  hollows,  where 
necessary.  No  snbmain  to  be  allowed  to  run  beyond  the  length  of  one 
hwndred  and  fifty  yards,  without  discharging  itself  into  a  corered  or 
open  main  drain. 

MINOR  DRAINS. 

"  These  shall  be  cnt  thirty-six  inches  deep,  fifteen  inches  wide  at  top^ 
fov/r  inches  wide  at  bottom,  and  at  a  distance  of  tvxnty-giz  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  the  length  of  two  hundred  yards  without  dis- 
charging itself  into  a  submain. 

FILLING  IN. 

^*  All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that  no 
water  is  standing  in  any  of  them,  the  filling  in  may  be  commenced. 


MINOR  DRAINS. 


<( 


Into  each  minor  drain  shall  be  put  ten  inches  of  broken  stones  iii 
depth,  the  stones  having  been  broken  to  a  size  not  exceeding  two-and- 
a-half  inches  in  diameter.  Great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  along  with  the 
stones ;  a  sod  (or  clay,  as  may  be  convenient)  three  inches  thick  shall 
be  placed  carefully  on  top,  and  the  whole  trampled  upon  or  rammed 
hard.  The  drain  shall  then  be  filled  up  with  the  stuff  previously 
shovelled  out,  observing  to  keep  the  active  soil  for  covering  the  top. 
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The  pntting  in  of  the  stones  shall  invariably  be  commenced  at  the 
highest  port  or  head  of  the  drain. 

FILLING  IN  SUBMAINS. 

"In  each  sabmain  a  conduit  shall  be  formed  of  six  inches  in 
height,  four  inches  wide,  and  the  filling  in  completed  as  above 
described. 

GENERAL  RULES. 

<<  The  mouths  of  the  covered  main  or  submain  drains  shall  be  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain  into  which  they  discharge  them- 
selves. 

"  Before  filling  in  the  stones,  great  care  must  be  taken  that  the 
bottom  of  the  drains  be  clean,  and  that  no  clay  or  dirt  be  put  in  along 
with  them.  The  putting  in  of  the  stones  to  be  commenced  at  the 
highest  part  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  the  distance  between  each  of  the  minor  drains, 
into  one  or  more  of  which  (as  may  be  necessary)  it  shall  discharge 
itselL  The  remainder  of  the  minor  drains  to  be  discontinued  at  a 
distance  from  this  drain,  equal  to  one-half  the  entire  distance  between 
each  of  the  minor  drains ;  this  drain  to  be  of  the  same  dimensions,  to 
be  filled  with  the  same  material,  and  in  like  manner,  as  the  above 
described. 

"  No  open  drain  shall  run  into  a  closed  one. 

"The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  work  to  be  maintained  in  like  good  oixler  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution." 

One  of  the  officers  of  the  Commissioners  of  Public 
Works,  Ireland,  the  Inspector  of  Drainage  for  Ros- 
common, a  gentleman  residing  in  that  county,  wrote 
to  us  as  follows,  with  reference  to  tile  and  broken- 
stone  drains  on  the  carboniferous  formation : — 

"  With  respect   to  tile  drainage,  my  experience  ha 

c  c  2 
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not  been  very  extensive,  as  the  proprietors  of  the  dis- 
trict, with  scarcely  any  exception,  give  a  decided  pre- 
ference to  broken  stones ;  but  from  what  I  have  seen, 
I  am  very  much  inclined  to  prefer  good  well-burnt 
pipes  to  any  other  draining  material,  provided  that 
collars  be  used,  but  not  otherwise.    As  to  the  best 
diameters,  I  have  found  the  1  \"  collared  pipes  of  the 
Clonbrock  Tile  Works  (now  closed)  very  satisfactory  ; 
but  when  the  length  of  minor  drains  exceeded  100 
yards,  I  should  like  an  increase  to  \\  or  1}.     For 
submains  (say  150  or  180  yards  long)  I  have  recom- 
mended pipes  of  2  inches,  2},  and  8  inches  in  succes- 
sion, all  of  which  were  to  be  had  with  collars :   if 
4-inch  pipes  were  to  be  had  with  collars,  I  should 
have  recommended  longer  submains.     The  larger-sized 
pipes  are  not  provided  with  collars  in  our  present 
tileries,  and  on  this  account  I  generally  put  a  note  on 
the  margin  of  the  printed  form,  suggesting  that  a  stone 
duct  of  the  ordinarg  size  of  submain,  say  6  inches  in 
height  and  4  inches  wide,  be  substituted  for  the  tile 

fiUing. 

"  I  decidedly  prefer  an  open  duct  to  broken-stone 
filling;  and  in  nine-tenths  of  my  own  drainage  I 
have  made  the  minor  drains  on  the  same  plan  as  the 
submain,  with  an  open  stone  conduit;  the  only 
difference  being,  that  the  minor  drains  are  a  few- 
inches  shallower,  with  a  smaller  duct.  The  increase 
of  expense  is  a  mere  trifle,  and  when  the  substratum 
(as  very  firequently  occurs  here)  is  a  fine  calcareous 
gravel,  containing  40  to  60  per  cent,  of  carbonate  of 
lime,  the  additional  spoil  is  a  very  cheap  fertilizer  for 
the  land. 
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**  With  respect  to  depths  and  distances  apart,  the 
two  most  commonly  used  in  my  specification  are  8^ 
feet  deep,  38  feet  apart, — and  4  feet  deep,  42  feet 
apart.  These  arrangements  will  not  suit  all  cases, 
and  I  vary  accordingly.  Thus,  in  one  case  of  exceed- 
ingly retentive  land  of  peculiar  texture,  4-feet  drains, 
27  feet  apart,  produced  the  required  result,  while  in 
another,  8^-feet  drains,  66  feet  apart,  effected  all  that 
was  required.  In  the  latter  case  there  was  a  mixed 
soil,  which  might  be  described  as  *  half  wet ; '  yet  the 
water  lingered  sufficiently  long  to  make  the  land  un- 
sound for  sheep,  and  greatly  to  injure  the  crops  in 
quality  as  well  as  quantity." 

Mr.  Josiah  Parkes  says,  in  1848  : — "  Experiment 
and  experience  have  rapidly  induced  the  adoption 
of  a  system  of  parallel  drains,  considerably  deeper, 
and  less  frequent,  than  those  commonly  advocated  by 
professed  drainers,  or  in  general  use.  I  gave  several 
instances  of  this  practice  in  Kent  in  the  Eeport  of 
last  year,  1848,  already  alluded  to,  and  it  is  rapidly 
extending.  Mr.  Hammond  stated  to  you  that  he 
drained  '  stiff  clays  2  feet  deep,  and  24  feet  between 
the  drains,  at  £8  4«.  %d.  per  acre,  and  porous  soils  8 
feet  deep,  88^  feet  asunder,  at  £2  b$.  2(1.  per  acre.'  I 
now  find  him  continuing  his  drainage  at  4  feet  deep, 
wherever  he  can  obtain  the  outfaU,  from  a  conviction 
founded  on  the  experience  of  a  cautious  progressive 
practice  as  to  the  depth  and  distance,  that  depth 
consists  with  economy  of  outlay  as  well  as  with 
superior  effect.  He  has  found  4-feet  drains  to  be 
efficient,  at  50  feet  asunder,  in  soils  of  varied  texture 
— ^not  uniform  clays — and  executes  them  at  a  cost  of 
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about  dE2  58.  per  acre,  being  18/j.  Ad.  for  871  pipes, 
and  £1  6s.  &d.  for  53  rods  of  digging.  Communica- 
tions have  been  recently  made  to  me  by  several 
respectable  Kentish  farmers,  of  the  satisfactory  per- 
formance of  drains  deeply  laid  in  the  Weald  clays,  at 
distances  ranging  from  80  to  40  feet,  but  I  have  not 
had  the  opportunity  of  personally  inspecting  these 
drainages. 

"The  following. little  table  shows  the  actual  and 
respective  cost  of  the   above   three   cases   of  under- 


Depth  of 

dndns,  in 

foet. 

Distance 

between  the 

drains,  in  feet 

Mass 
of  soil  drained 

per  acre, 
in  cubic  yu^. 

Massof  sofl 

drained  for  one 

penny,  in 

cubic  yards. 

Sorfaoeofson 

drained  for  one 

penny,  in 

square  yards. 

2 
3 

4 

24 

33i 

50 

3226i 

4840 

6453 

41 

8*93 
1200 

6-27 
8-93 
8-96 

draininff,  calculated  on  the  effects  really  produced, 
that  isf  on  the  masses  of  earth  effectivd/  reUeved 
of  their  surplus  water  at  an  equal  expense.  I  con- 
ceive this  to  be  the  true  expression  of  the  work 
done,  as  a  mere  statement  of  the  cost  of  drainage  per 
acre  of  surface  conveys  but  an  imperfect,  indeed  a 
very  erroneous,  idea  of  the  substantive  and  useful 
expenditure  on  any  particular  system.  This  will  be 
apparent  on  reference  to  the  two  last  columns  of  the 
table,  which  give  the  cost  in  cubic  yards  and  square 
yards  of  soil  drained  for  one  penny,  at  the  above- 
mentioned  prices,  depths,  and  distances. 

*'  I  may  here  observe,  that  Mr.  Hammond,  when 
draining    tenacious    clays,    chooses    the    month     of 
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• 

February  for  the  work,  when  he  lays  his  pipes 
(just  covering  them  with  clay  to  prevent  crumbs 
from  getting  in),  and  leaves  the  trenches  open 
through  Mai'ch,  if  it  be  drying  weather,  by  which 
means  he  finds  the  cracking  of  the  soil  much  accele- 
rated, and  the  complete  action  of  the  drains  advanced 
a  full  season.  The  process  of  cracking  may,  doubtless, 
be  hastened  both  by  a  choice  of  the  period  of  the  year 
in  which  drains  are  made,  and  by  such  a  management 
of  the  surface  as  to  expose  it  to  the  full  force  of 
atmospheric  evaporation." 

With  reference  to  drains,  we  have  known  a  case  in 
the  Queen's  Coimty  in  which  inch  pipes  had  to  be 
taken  up,  and  pipes  of  2^-inch  bore  substituted.  The 
drains  were  40  feet  apart,  and  4  feet  deep,  and  the  pipes 
had  collars.  The  minor  drains  should  discharge  into 
submains  at  convenient  distances,  say  100  yards,  on 
fiat  grounds.  Small  pipes  will  choke  unless  the 
velocity  in  them  be  sufficient  to  cany  off  deposits, 
and  the  diameters  should  vary  according  to  the  in- 
clinations of  the  ground,  and  distance  apart  of  the 
drains. 

Mr.  Mechi,  in  1844,  laid  down  the  following  rules : — 

"  1st. — That  it  is  not  the  size  or  form  of  the  drains 
that  regulate  perfect  drainage ;  but  the  dejpth  at  which 
they  are  placed.  The  depth  also  governs  the  distances 
at  which  the  drains  should  be  cut  according  to  the 
quality  of  the  soil. 

**  2nd. — ^The  pipes  of  1-inch  bore,  without  stones, 
are  amply  sufficient,  placed  at  4  feet  deep  and  80  feet 
wide  in  dense  soils,  and  the  same  depth  and  60  feet 
wide  in  mixed  soils. 


392  THE  DISCHARGE  OF  WATER  FROM 

"8rd. — The  deep  drains  receive  more  water  than 
shallow  ones,  and  consequently  lay  dry  a  greater  extent 
of  ground. 

"4th. — The  deep  drains  begin  and  end  running 
sooner  than  shallow  ones,  and  carry  off  more  water  in  a 
given  time. 

"5th. — That  where  shallow  drains  are  made  and 
deep  ones  cut  below  them,  the  shallow  ones  no  longer 
act,  all  the  water  passing  to  the  deeper  drains. 

"  6th. — That  when  round  stones  are  used  as  well  as 
pipes,  the  latter  should  always  be  placed  at  the  bottom, 
as  I  find,  practically,  water  flows  more  quickly  through 
pipes  than  amongst  stones. 

"  Before  persons  begin  draining,  I  would  recommend 
their  perusing  attentively  the  facts  developed  by  Mr. 
Farkes,  at  pages  89  and  40,  and  my  remarks  at  page 
86  of  Letters  on  Agricultural  Improvements. 

"  Pipes  made  to  socket  into  each  other  (by  Ford's 
Patent  Socketing  llachine)  are  best  adapted  to  loose  or 
mixed  soils." 

Pipes  laid,  however,  too  near  the  surface,  are  fre- 
quently choked  with  the  roots  of  plants.  The  principal 
advantage  of  submains  alongside  open  mains  is,  that 
the  mouths  of  the  minor  drains  should  not  be  choked 
from  vegetation,  and  that  the  water  from  them,  flowing 
into  and  taken  up  by  this  submain,  may  be  discharged 
by  a  few  apertures  only,  and  thereby  keep  themselves 
open,  or  as  much  so  as  the  nature  of  the  case  will 
admit.  The  following  tables  show  the  cost  per  statute 
acre,  in  Ireland,  of  thorough-drainage,  which  must 
vary  with  circumstances,  locality,  and  the  value  of 
labour. 
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The  average  cost  per  statute  acre  for  Sir  Eichard 
O'DonneU's  Gold  Medal  was  £3  5«.  7d.,  and  £4 13«.  lOi. 


TABLE  ahowing  a  Return  of  the  number  of  Acres  thorough-drained  in  the 
years'  1843  <md  1844,  by  the  different  Competitors  for  Sir  Richard 
O^DcwmIVs  Gold  Medal,  together  vrith  the  Average  Prices  per  Perch,  and 
Cost  per  Acre  respectively.  {Given  in  Reports  to  the  Royal  Agricultural 
Improvement  Society  of  Ireland. ) 


OompetitorB. 


I 


MaxqueM  of  Waterf ord 


I 


y  iflcount  Templotonn . 
Sir  R  O'Donnell,  Bart 
The  Barl  of  Caladon     . 

J.  L.  W.  Naper,  Esq.   . 


Lord  Blayney  . 


^6 


A.    B.   P. 

601    2  16 


664  0  25 

551  0    0 

821  0  19 

264  1  29 


201    2  80 


P. 

66,900 


54,861 
68,478 
47,183 

84,488 


84,684 


III! 


9d.in 
1842,  re- 
duced to 
bid.  hi 
1845. 
Hd, 
4d. 
4d, 

Hd. 


5d. 


^is 


858 


iii^ 


£5  in 
1842,  re- 
duced to 

£8  2«.  Bd. 
in  1845. 

£1  14    4 

1  12    4 

2  9    6 

6    8    8 


8  12    0 


o 

si 
-si 

3" 


5percent 

charged  to 

the  rent. 


£600    0  0 
408    6  0  Sd.  a  day. 
390    9  9  lOd.  to  1$. 

a  day. 
700    7  4  7d.  a  day 
in  winter, 
andlOdLin 
Slimmer. 
427  18  0  lOd.  to  It. 
a  day. 


TABLE  showing  a  Return  of  the  number  of  Acres  thorough-drained  by 
Proprietors,  for  the  Society's  Gold  Medal,  and  the  Average  Prices  per 
Perch  and  per  Acre  respectively. 


A.    B.  P. 

P. 

£».    d. 

i 

Hie  Eaii  of  Erne 

•        ■ 

110    0  87 

•  • 

•  • 

8  12    8 

•  • 

•  • 

Lord      Dnflbrin 

and 

1     Claiiboye  . 
Mean*.  Andrews 

• 
•        • 

203    1    0 
117    1    4 

29,478 
16,614 

6  11    9 
6  16    0 

•  • 
■  • 

l«.perday. 
l.S<i.per 

Or.  OVem  . 

• 

116    0  12 

•  • 

•  ■ 

8  16    8 

•  • 

day. 
7i  to  Sd. 

t 

a  day. 

for  the  Society's  Gold  Medal ;  average  of  both,  £4  per 
statute  acre  nearly. 


394  THE  DISCHARGE  OF  WATER  FROM 

The  average  number  of  acres  annually  improved  in 
Ireland,  about  the  year  1860,  was  about  5530,  at  an 
average  cost  per  acre  of  jE4  17«. 

In  Ireland,  thorough-drainage  is  almost  generally 
carried  out  by  loan,  under  the  Commissioners  of 
Public  Works,  and  there  is  no  branch  of  the  public 
service  which  has  given  more  satisfaction  to  owners  of 
property.  The  works  are,  we  believe,  always  executed 
within  the  estimates,  and  the  owner  having  the  expendi- 
ture in  his  own  hands^  can  satisfy  himself  of  its  proper 
application.  How  different  from  the  Arterial  Drainage, 
when  the  Board  executed  the  works  themselves,  a 
system  now  so  happily  changed !  No  loans  are  made 
unless  where  immediately,  or  prospectively,  a  return 
of  6^  per  cent,  is  estimated  on  the  expenditure,  a 
rent- charge  for  this  amount  being  made  for  22  years. 


ARTERIAL   DRAINAGE. 

The  effect  of  thorough-drainage  on  the  arterial 
channels  of  a  district,  is  to  discharge  the  rain-fall 
into  the  main  channels  in  a  shorter  time  than  before, 
particularly  during  wet  seasons.  This  frequently 
causes  floods  to  rise  higher  as  well  as  more  rapidly. 
During  dry  seasons  the  supply  is  less,  and  so  far, 
when  it  is  limited,  an  injury  is  done  to  the  adjacent 
districts  requiring  it  for  use.  The  effect  of  obstruc- 
tions in  the  main  channel  is  to  impound  the  upland 
water,  sometimes  made  available  for  water  power  or 
navigation  purposes,  but  in  general  to  the  injury  of 
the  drainage  of  adjacent  lands,  and  the  regimen  of  the 
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TABLE  shotffing  Estimates  of  the  QuantUies  and  OenertU  Cast  for  the 
ThorougJi-Drainage  of  a  Statute  Acre  of  Land,  wiih  broken  Stones  or 
Tiles,  with  the  distances  apart  for  different  class  soils. 


Description  of  land, 

section  ot  parallel  drain, 

and  cost. 


Hard  subsoil  stiff  and 
sandy  clay  drains, 
from  12  to  20  feet 
apart,  at  M.  per 
lineal  perch. 


Freestone  bottom 
drains,  from  20  to 
30  feet  apart,  at  9e2. 
per  lineal  perch. 


Beds  of  gravel,  sand, 
and  rocky  stratifi- 
cation,  ftom  30  to , 
100  feet  apart,  at 
IQd.  per  lineal 
perch. 


Feet 
12 
13 
14 
15 
16 
17 
18 
19 
20 


o  " 

A 

IS. 

I 


25 
26. 

27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
L  100 


Perches 
220 
203 
188i 
176 
165 
155J 
146i 
139 
132 


Cubic  yards  per 
acre. 


Of 

clay 

excav. 


21  125i 

22  120 

23  ,  115 

24  I  110 


105i 
lOli 

97J 

94 

91 

88 

85 

82i 

80 

77$ 

75J 

731 

71 

69 

67J 

65S 

27 


CtLyds. 
277 
2551 
237 
221 
207 
195i 
184 
175 
166S 


1511 
147 
142| 
138^ 
134 
1304 
126i 
123 
119} 
116i 
47 


Of 
broken 
stones. 


CiLyds. 
38-5 
35-5 
33  0 
30-8 
28-9 
27-2 
25-9 
24-3 
23  1 

29-3 
28-1 
26-9 
25-7 
24-7 
23-7 
22-9 
22  0 
21-3 
20-6 

24-7 
24-0 
23*2 
22-6 
21-9 
21-3 
20-6 
20  0 
19-6 
191 
8  0 


• 

% 

5 

s 

•M 

^ 

m 

»« 

%, 

& 

£    $.     d. 

7  6  8 

6  15  4 

6  5  8 

5  17  4 

6  10  0 

5  3  6i 

4  17  64 

4  12  0 

4  8  0 

4  14  6 

4  10  0 

4  6  3 

4  2  6 

3  19  li 

3  16  H 

3  13  4 

3  10  6 

3  8  3 

3  6  0 

3  10  10 

3  8  9 

3  6  8 

3  4  8i 

3  2  9i 

3  1  14 

2  19  2 

2  17  6 

2  16  14 

2  14  8i 

1  2  6 

o 

3  • 


i 


No. 
3,630 
3,351 
3,111 
2,904 
2,722 
2,562 
2,420 
2,293 
2,178 

2,074 
1,971 
1,894 
1,815 
1,742 
1,675 
1,613 
1,556 
1,502 
1,452 

1,405 
1,361 
1,820 
1,280 
1,245 
1,210 
1,177 
1,146 
1,117 
1,089 
436 
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river,  particularly  in  flat  districts.  The  arterial 
drainage  in  Ireland  has  effected  a  vast  amount  of 
good,  but  up  to  1853  the  estimates  appear  to  have 
been  usually  doubled;  those  for  eleven  of  these  works 
being  £186»916,  and  the  expenditure  £293,532.  The 
average  cost  per  acre,  on  the  land  improved  by  these 
projects,  varied  from  £\  198.  Sd.  to  £10  6s.,  the 
average  of  the  eleven  districts  being  £4  3^.,  which  is 
about  the  average  for  thorough-drainage.* 

The  following  table  affords  valuable,  information  of 
the  cost  of  arterial  drainage  works  in  Ireland :  it  is 
extracted  from  the  Report  of  the  Commissioners  of 
Inquiry  presented  to  the  House  of  Commons,  Jime 
16th,  1853. 

The  abstract  of  84  arterial  drainage  awards,  made  by 
the  Commissioners  of  Public  Works  in  Ireland,  in 


Nomberof 
distncts 
diained. 

uuicfviiii  yea] 

Total 
combined 
catchment 
acrea^of 
distncts. 

Area  of 
flooded  lands. 

oo*± — 

Avera^  cost  of 

arteria]  drainage 

per  acre  improved 

by  drainage. 

£  t.    d. 

12  districts 

90,332 

9,453 

3  14    2 

27        „ 

95,582 

11,579 

3  16    7 

19        >, 

237,466 

13,707 

4  17    3 

IS        » 

374,427 

29,452 

3  13    4 

2 

49,840 

3,275 

5    0    0 

8 

266,420 

21,033 

3    9    4 

84        „ 

1,114,067 

88,501 

3  17     7 

The  last  line  gives  the  general  average,  and  shows 
that  in  these  84  districts,  about  1  acre  in  18  is  the 


*  See  Fuliamentary  Report,  by  Sir  Bichard  Griffith,  Sir  W.  Cubitt, 
and  Ja&  H.  Rendel,  June  16th,  1853,  pp.  14,  15. 
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average  of  flooded  lands  to  the  catchment  area,  or 
8  per  cent,  nearly.  The  original  and  revised  esti- 
mates for  these  works  were  considerably  exceeded 
in  almost  every  case,  and  the  landowners  having 
justly  resisted  any  payments  exceeding  their  original 
assents,  they  succeeded.  See  Report  of  the  Gom- 
HissiONEBS  OF  Inquiry  into  the  Works  of  Arterial 
Drainage  in  Eleven  Districts  in  Ireland,  pre- 
sented to  the  House  of  Commons,  June  16th,  1858. 


SECTION  XIV. 

WATER  AND  HORSE  POWER. — FRICTION   BRAKE,  OR  DYNA- 
MOMETER.  CALCULATION   OF  THE  EFFECTIVE   POWER 

OF  WATER  WHEELS. — OVERSHOT,  UNDERSHOT,  AND 
BREAST  VERTICAL  WHEELS. — HORIZONTAL  WHEELS  AND 
TURBINES. — ^HTDRAULIC  RAM. — WATER  ENGINE. 

Taking  the  representative  of  a  horse's  power  at 
88,000  foot-pounds,  or  83,000  lbs.  raised  one  foot 
high  in  one  minute,  the  theoretical  horse-power  of  an 
overfiedl  is  expressed  by  the  fall  in  feet,  multiplied  by 
the  discharge  in  cubic  feet  per  minute,  the  product 
multiplied  by  62J  (the  weight  in  lbs.,  nearly,  of  a 
cubic  foot  of  water),  and  divided  by  88,000.  The 
following  table  (page  400)  gives  the  weight  in  air  of  a 
cubic  foot  of  pure  water  at  different  temperatures, 
Fahrenheit's  thermometer. 
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WEIOHT  OF  A  CITBIC  FOOT  OF  WATER. 

The  weight  ofZ6  ciMc/eet  of  water  is  one  ton,  nearly. 


1 
Tempe- 

Weight of  a 
cubic  foot  of 

Tempe- 

Weight of  a 
cubic  foot  of 

Tempe^ 

Weight  ofa 
cubic  foot  of 

rature,  in 

water.  PoundB 

rature,  in 

water.  Pounds 

nture,  in 
degrees. 

water.  Poonda 

degrees. 

Ayoirdupoia. 

degre(98. 

AToirdupoiB. 

ATolrdupoia. 

82 

62-375 

51 

62-865 

69 

62-278 

S3 

62-377 

52 

62-868 

70 

62-272 

84 

62-878 

58 

62*359 

71 

62-264 

35 

62-879 

54 

62-356 

72 

62-257 

36 

62-880 

55 

62-352 

78 

62-249 

87 

62-881 

56 

62-849 

74 

62*242 

88 

62-381 

57 

62-345 

75 

62-234 

89 

62-382 

58 

62-340 

76 

62-225 

40 

62*382 

59 

62-336 

77 

62-217 

41 

62-381 

60 

62-331 

78 

62-208 

42 

62-381 

61 

62-826 

79 

62-199 

48 

62-380 

62 

62*821 

80 

62-190 

44 

62-379 

63 

62-316 

81 

62-181 

45 

62-378 

64 

62-310 

82 

62172 

46 

62-876 

65 

62-304 

88 

62-162 

47 

62-375 

66 

62-298 

84 

62*152 

48 

62-378 

67 

62-292 

85 

62-142 

49 

62-871 

68 

62-285 

86 

62182 

50 

62*868 

87 

62-122 

16,600  foot-pounds,  or  one  half  of  the  above,  is 
much  nearer  the  average  power  of  a  horse,  working 
for  10  hours  only,  as  the  work  is  ordinarily  done 
through-  the  country;  88,000  lbs.  raised  one  foot  per 
minute  is  equivalent  to  884  tons,  nearly,  raised  one  foot 
in  an  hour,  and  14'73  tons  in  a  minute.  Therefore,  a 
river  discharging  884  tons,  over  a  fall  one  foot  high  in 
an  hour,  or  884  tons,  over  a  fall  24  feet  high  in  24 
hours,  has  also  a  horse-power.  The  drainage  of  10 
square  miles,  with  an  average  collection  of  12  inches 
in  depth  of  rain  annually,  will  give  an  unceasing  one- 
horse  power  for  each  foot  of  fall  in  a  receiving 
channel ;    or  five  square   miles  wiQ  give  the   same 
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result^  if  the  collection  amounts  to  24  inches  in  depth. 
The  collection  of  10  square  miles,  one  foot  deep,  yearly, 
is  nearly  equal  to  the  delivery  of  530  cubic  feet  per 
minute,  for  the  same  period ;  or  to  one-horse  power 
theoretical,  working  day  and  night.  See  pp.  822  &  828. 

The  effective  power  of  a  fall  depends  on  the 
nature,  proportions,  and  construction  of  the  wheel 
or  machine,  and  also  upon  the  manner  in  which  the 
theoretical  power  is  applied.  When  the  velocity  of  a 
stream  acting  on  a  wheel  only  is  known,  the  theoretical 
head,  A,  due  to  it  is  found  in  feet  from  the  formula  h  = 
*0155  fj,  v  being  the  velocity  in  feet  per  second. 

In  order  to  gauge  the  quantity  of  water  applied  to  a 
wheel,  and  thereby  determine  with  accuracy  its  eflfec 
tive  power,  the  water  used  must  be  passed  through  an 
orifice,  or  over  a  notch  or  a  weir,  the  coefficients  for 
which  has  been  previously  ascertained  from  experi- 
ment. Greater  accuracy  can  be  obtained  from  gaug- 
ings  through  thin  plates,  or  planks  having  the  down- 
stream arrises  chamfered  off,  than  with  any  other 
form  of  orifice  or  notch ;  and  when  it  can  be  effected, 
the  channel  above  should  be  sufficiently  enlarged  to 
prevent  the  effects  of  an  approaching  current.  We 
have  already  in  the  body  of  this  work  dwelt  in  detail 
on  the  various  formula  required  for  gauging  under 
diffei^nt  circumstances.  The  accuracy  of  results, 
showing  the  effective  powers  of  wheels,  depends  in- 
the  first  place,  on  the  accuracy  of  the  gaugings  or 
estimates  of  the  quantity  of  water  used,  and  next  on 
the  fall  employed.  The  loss  of  head  in  passing 
through  the  penstock  sluice,  or  orifice,  and  until  the 
water  acts  on  the  wheeli  requires  to  be  estimated  also, 

D  D 
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and  deducted  from  the  fall  or  bead,  to  find  the  effective 
fall,  aod  the  effective  power  of  a  wheel. 


FRICTION   BBJ 


,    OB  DYKAHOMETER. 


The  power  applied  to  s  revolving  shaft  through  s 
water  wheel  of  any  construction,  is  the  wei^t  of 
water  multiplied  by  the  fall.  It  is  evident  that  the 
portion  of  this  power  available  to  tufn  a  shaft  and 
machinery,  or  the  effective  power,  must  depend  on 
the  construction  of  the  wheel,  as  portion  of  the  theo- 
retical power  is  lost  mechanically,  in  applying  it ;  in 


f^\ 

^^:^^-^' 

ff 

'^j\}^    ^^ 

'   ^/ — h"^^          ".Sf& 

changes  of  direction,  frictioii,  eddies,  and  discharging 
currents.     The  greater  the  effective  power  conveyed 
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to  a   shafts  the  greater  becomes  the  power  of  the 
wheel,  or  medium  through  which  the  original  power  is 
transmitted.      The  mechanical  effect  produced  by  a 
revolying  shaft  is  best  measured  by  a  friction  brake, 
the  principle  of  which  is  as  follows.     In  diagram  1, 
Fig.  44,  let  the  friction  pulley  aa  be  firmly  fixed  to 
the  revolving  shaft  or  axis  of  the  wheel ;  e  and  e,  two 
wooden  clamps  grasping  the  friction  pulley  by  means 
of  the  screw  bolts,  delineated,  which  can  be  tightened 
on  the   axis,  and  also  to  the  arm  f,  by  means  of 
suitable    nuts.      The    more    tightly    the    bolts    are 
screwed,  the  greater  will  be  the  friction  between  the 
friction  pulley  aa,  and  the  clamping  pieces  ee.     If, 
while  the  axis  and  friction  pulley  aa,   are  revolving 
in  the  direction  indicated  by  the  arrow,  a  weight  be 
applied  in  the  scale  at  i,  so  that  the  arm  f  shall  not  be 
carried  round,  but  remain  fixed ;  it  is  clear  that  the 
work  done  by  the  revolving  shaft  in  one  revolution, 
will  be  measured  by  the  circumference  of  the  friction 
pulley,  multiplied  by  the  friction  due  to  the  pressmre 
on  it,  or  by  its  equivalent,  the  weight  in  the  scale  i, 
multiplied  by  the  circumference  of  a  circle  whose  radius 
is  L,  or  by  2  L  X  3'14159  x  ir,  in  which  expression  w 
is  the  weight  in  lbs.  in  the  scale  i.    If  n  be  the- number 
of  revolutions  in  a  given  time,  say  one  minute,  we  shall 
therefore  have  the  useful  effect  of  the  wheel  on  the  shaft 
in  foot-pounds  per  minute,  equal  to 

2  L  X  3*14159  X  w  X  n. 

We  have  also  the  power  of  the  water  acting  on  the 

wheel,  equal  to 

7i  X  D  X  62-87, 

in  which  h  is  the  head  and  d  the  discharge  in  cubic 

B  D  2 
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feet  per  miniite ;  therefore  we  shall  have  for  the  ratio 
of  the  effect  to  the  power  the  expression 

2  L  X  3-14159  X  to  X  n  __      l  w  n 
A  X  D  X  62-87         ""  9-926  d  hT 

If  the  reyolving  shaft  be  horizontal,  the  wei^t  of 
the  arm  f,  acting  at  its  centre  of  gravity  and  reduced 
to  the  length  l,  where  the  weight  w  is  saspended,  will 
have  to  be  included  in  the  weight  tr.  If  the  weight  w 
be  suspended  at  the  end  of  a  connection  of  levers^  or 
other  mechanical  powers,  the  length  l  will  have  to  be 
determined  accordingly.  Diagram  2,  Fig.  44,  shows 
the  Armstrong  brake ;  Diagram  8,  the  common  form ; 
and  Diagram  4,  Egen's  brake. 

Fig.  45,  is  a  general  representation  of  the  brake 
used  by  Francis,  in  the  Lowell  experiments.  The 
length  of  the  arm  of  the  brake  l,  was  9*745  feet;  the 
length  of  the  vertical  arm  {  of  the  bell  crank  4*5  feet ; 
and  the  length  of  the  horizontal  arm  V  5,  feet.  The 
following  detailed  description  is  by  Francis: — 

'*  The  FricUon  Pulley  a  is  of  cast-iron,  5*5  feet  in 
diameter,  two  feet  wide  on  the  face,  and  three  inches 
thick.  It  is  attached  to  the  vertical  shaft  by  the 
spider  b,  the  hub  of  which  occupies  the  place  on  the 
shaft  intended  for  the  bevel  gear. 

''  The  friction  pulley  has,  cast  on  its  interior  cir- 
cumference, six  lugs,  G  c,  corresponding  to  the  six 
arms  of  the  spider.  The  bolt  holes  in  the  ends  of  the 
arms  are  slightly  elongated  in  the  direction  of  the 
radius,  for  the  purpose  of  allowing  the  friction  pulley 
to  expand  a  little  as  it  becomes  heated,  without 
throwing  much  strain  upon  the  spider.  When  the 
spider  and  friction  pulley  are  at  the  same  temperature. 


J 
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the  ends  of  the  anus  are  in  contact  with  the  firiction 

Flo.  45. 


pulley.     The  friction  pulley  was  made  of  great  thick- 
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ness  for  two  reasons.  When  the  pulley  is  heated,  the 
arms  cease  to  be  in  contact  with  the  interior  circum- 
ference of  the  pulley,  consequently  they  would  not 
prevent  the  pressure  of  the  brake  from  altering  the 
form  of  the  pulley*  This  renders  great  stiffness  neces- 
sary in  the  pulley  itself.  Again,  it  is  found  that  a 
heavy  friction  pulley  insures  more  regularity  in  the 
motion,  operating,  in  fact,  as  a  fly-wheel,  in  equalizing 
small  irregularities. 

"  The  brakes  e  and  f  are  of  maple  wood ;  the  two 
parts  are  drawn  together  by  the  wrought-iron  bolts  g  g, 
which  are  two  inches  square. 

**  The  beU  crank  f',  carries  at  one  end  the  scale  i, 
and  at  the  other  the  piston  of  the  hydraulic  regu- 
lator k;  this  end  carries  also  the  pointer  l,  which 
indicates  the  level  of  the.  horizontal  arm.  The  vertical 
arm  is  connected  with  the  brake  f,  by  the  link  if. 

"  The  hydraliuc  regulator  k,  shown  in  the  figures,  is 
a  very  important  addition  to  the  Prony  dynamometer, 
first  suggested  to  the  author  by  Mr.  Boyden,  in  1844. 
Its  office  is  to  control  and  modify  the  violent  shocks 
and  irregularities,  which  usually  occur  in  the  action  of 
this  valuable  instrument,  and  are  the  cause  of  some 
uncertainty  in  its  indications. 

"  The  hydraulic  regulator  used  in  these  experiments, 
consisted  of  a  cast-iron  cylinder  k,  about  1*6  feet  in 
diameter,  with  a  bottom  of  plank,  which  was  strongly 
bolted  to  the  capping  stone  of  the  wheel  pit,  as  repre- 
sented in  figure  1.  In  this  cylinder,  moves  the  piston 
N,  formed  of  plate-iron  0*6  inches  ihick,  which  is  con- 
nected with  the  horizontal  arm  of  the  bell  crank  by  the 
piston  rod  o.     The  circumference   of  the  piston  is 
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rounded  off,  and  its  diameter  is  about  y'^  inch  less  than 
the  diameter  of  the  interior  of  the  cylinder.  The  ac- 
tion of  the  hydraulic  regulator  is  as  follows.  The 
cylinder  should  be  nearly  filled  "With  water,  or  other 
heavy  inelastic  fluid.  In  case  of  any  irregularity  in 
the  force  of  the  wheel,  or  in  the  friction  of  the  brake, 
the  tendency  will  be,  either  to  raise  or  lower  the  weight, 
in  either  case  the  weight  cannot  move,  except  with  a 
corresponding  movement  of  the  piston.  In  consequence 
of  the  inelasticity  of  the  fluid,  the  piston  can  move  only 
by  the  displacement  of  a  portion  of  the  fluid,  which 
must  evidently  pass  between  the  edge  of  the  piston  and 
the  cyliader ;  and  the  area  of  this  space  being  very 
small,  compared  to  the  area  of  the  piston,  the  motion 
of  the  latter  must  be  slow,  giving  time  to  alter  the  ten- 
sion of  the  brake  screws  before  the  piston  has  moved 
far.  It  is  plain  that  this  arrangement  must  arrest  all 
violent  shocks,  but,  however  violent  and  irregular  they 
may  be,  it  is  evident,  that,  if  the  mean  force  of  them 
is  greater  in  one  direction  than  in  the  other,  the  piston 
must  move  in  the  direction  of  the  preponderating  force, 
the  resistance  to  a  slow  movement  being  very  slight. 
A  small  portion  of  the  useful  effect  of  the  turbine  must 
be  expended  in  this  instrument,  probably  less,  however, 
than  in  the  rude  shocks  the  brake  would  be  subject  to 
without  its  use. 

"  For  the  purpose  of  ascertaining  the  velocity  of  the 
wheel,  a  counter  was  attached  to  the  top  of  the  vertical 
shaft,  so  arranged,  that  a  bell  was  struck  at  the  end  of 
every  fifty  revolutions  of  the  wheel. 

*^  To  lubricate  the  friction  puUey,  and  at  the  same 
time  to  keep  it  cool,  water  was  let  on  to  its  surface  in 
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four  jets,  two  of  which  are  shown.  These  jets  were 
supplied  from  a  large  cistern,  in  the  attic  of  the  neigh- 
bouring cotton  mill,  kept  full,  during  the  working  hours 
of  the  mill,  by  force  pumps.  The  quantity  of  water 
discharged  by  the  four  jets  was,  by  a  mean  of  two  trials, 
0*0288  cubic  foot  per  second. 

"  In  many  of  the  experiments  with  heavy  weights, 
and  consequently  slow  velocities,  oil  was  used  to  lu- 
bricate the  brake,  the  water,  during  the  experiment, 
being  shut  off.  It  is  found,  that,  with  a  smaU  quantity 
of  oil,  the  friction  between  the  brake  and  the  pulley  is 
much  greater  than  when  the  usual  quantity  of  water  is 
applied;  consequently,  the  requisite  tension  of  the 
brake  screws  is  much  less  with  the  oil,  as  a  lubricator, 
than  with  water.  This  may  not  be  the  whole  cause  of 
the  phenomenon,  but,  whatever  it  may  be,  the  ease  of 
regulating  in  slow  velocities  is  incomparably  greater 
with  oil  as  a  lubricator,  than  with  water  applied  in  a 
quantity  sufficient  to  keep  the  puUey  cool.  The  oil 
was  allowed  to  flow  on  in  two  fine  continuous  streams ; 
it  did  not,  however,  prevent  the  pulley  from  becoming 
heated  sufficiently  to  decompose  the  oil,  after  running 
some  time,  which  was  distinctly  indicated  by  the  smoke 
and  peculiar  odour.  When  these  indications  became 
very  apparent,  the  experim^t  was  stopped,  and  water 
let  on  by  the  jets,  until  ifyd  pulley  was  cooled.  As  the 
pulley  became  heated, 'fhe  brake  screws  required  to  be 
gradually  slackened.  Water,  linseed  oil,  and  resin  oil, 
were  each  used  for  lubrication." 

Fig.  46  is  a  representation  of  a  brake  used  by  Pro- 
fessor Thomson,  at  Crawford  and  Lindsay's  mill,  to 
determine  the  power  of  a  turbine  put  up  there,  by  Mr. 
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Qardner,  of  Annagh.  '  One  of  the  common  causes  of 
the  swinging  or  vibratory  jumps  of  the  arms  f,  in  Figs. 
44,  45,  and  46  is,  that  very  often  the  fiiction  pulley,  or 
dram  A,  a,  must  be  made  in  two  parts,  so  as  to  be  fixed 


Length  of  the  brake,  l,  Fig.  16,  adjiuted   . 
EffectiTe  length  of  vertical  arm  I  . 
Eff«etiTe  length  of  homouUl  um  I  . 


410  THE  DISCHABQE  OF  WATER  FROM 

to  its  place  on  the  shaft.  This  fixing  is  liable  to  give 
an  oval  shape,  and  causes  an  irregular  action  with  the 
clamps  £y  E.  Oil  gives  greater  regularity  of  motion 
than  water,  but  without  the  use  of  the  latter  abundantly, 
the  friction  pulley  would  usually  get  too  much  heated. 
The  following  calculations  from  practical  operations 
will  point  out  pretty  clearly  the  use  of  the  brake,  and 
the  manner  of  determining  the  useful  effect  in  the  tables 
of  experiments,  by  Francis  and  Thomson,  pp.  888  and 
892 :— 
The    effective    length    of   the    brake  was    therefore 

9'745  X  5  _  2  X  10-827778  feet;  and  the  circumfer- 
4-0 

ence  of  a  circle  of  this  radius  =  10-827778  X  3*14159 
=  680329  feet. 

In  the  first  experiment  on  the  Tremont  turbine,  page 
429,  the  number  of  revolutions  of  the  wheel  per  second 
was  -89374,  and  the  weight  in  the  scale  1443*84  lbs. 
The  useful  effect  of  the  brake  was  therefore  in  foot- 
pounds per  second  68*0329  X  -89374  X  1443'34  = 
87680*3  lbs.  raised  one  foot  per  second.  The  quantity 
of  water  which  passed  the  gauge- weir  in  cubic  feet  per 
second  was  189*4206,  and  the  total  fall  acting  on  the 
wheel  12*864  feet ;  therefore,  the  total  power  of  the 
water  acting  on  the  wheel  was  12*864  x  139*4206  X 
62'S7o  =  111870  feet-pounds  per  second,  62*375  being 
taken  as  the  weight  in  lbs.  of  a  cubic  foot  of  water  at 
82^  Fahrenheit.  The  ratio  of  the  useful  effect,  at  the 
given  velocity  of  the  wheel  (viz.  450  revolutions  in  608*5 

87680*3 
seconds),  to  the  power  expended,  is  therefore  - 

JLlXof  U 

'=  *784,  or  about  78|  per  cent.    The  effect  in  the  ex- 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  411 

periments  generally  appears  to  have  been  a  maximum^ 
when  the  velocity  of  the  interior  circumference  of  the 
wheel  was  about  66  per  cent,  of  the  velocity  due  to  the 
fall ;  and  this  was  about  half  of  the  maximum  velocity, 
which  was  1'888  times  that  due  to  the  fall  alone,  when 
the  turbine  was  doing  no  work. 

In  Thomson's  brake  for  determining  the  useful  eflFect 
of  the  vortex  turbine,  erected  from  his  designs  at  Bally- 
sillan,  Ireland,  l  =  4  ft.  2  in.,  and  the  circumference 
of  a  circle  that  would  be  described  by  the  arm  8*14159 
X  8  feet  4  inches  =  26'18  feet.  In  the  first  experi- 
ment, taken  from  the  tabulated  results,  page  419,  we 
get  26*18,  the  circumference  multiplied  by  46*81,  the 
weight  in  lbs.,  and  the  product  by  823*8,  the  number 
of  revolutions  per  minute,  equal  to  891,967  foot-poimds, 
for  the  effect  transmitted  from  the  turbine  or  work 
done.  We  have  also  854*4,  the  number  of  cubic  feet 
of  water  passed  to  the  wheel  per  jninute,  multiplied  by 
62*87,  the  weight  of  a  cubic  foot  of  water  in  lbs.,  mul- 
tiplied by  28*78  feet,  the  available  fall,  equal  to  524,526 

foot-pounds :  therefore  ??4^  =  '747  is  the  useful 
^  524,526 

effect,  that  in  the  table  being  '7481,  which  probably 
arose  from  taking  a  different  weight  per  cubic  foot  for 
the  water.  Of  course  the  difference  is  immaterial. 
The  drum  attached  to  the  vortex  wheel  shaft  for  fixing 
the  brake  to,  was  in  two  parts,  bolted  together,  and 
firmly  enclosing  the  shaft.  It  was  of  cast-iron,  20 
inches  diameter,  and  8  inches  wide ;  the  shaft  to  which 
it  was  attached  was  2f  inches  diameter.  The  arm  of 
the  brake  was  6'*4''  X  &'  X  4'%  of  timber,  and  ex- 
tending 1  foot  2  inches  beyond  the  centre  of  the  shaft 
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and  dram.     The  clamping  pieces  were  about  2  feet  5 
inches  long  externally. 

For  overshot  wheels  the  ratio  of  the  power  to 
the  effect  may  be  taken  as  8  to  2,  and  therefore  the 
effectiye  horse-power, — taking  83,000  foot-pounds  per 
minute,  or  580  cubic  feet  falling  one  foot,  as  a  standard, 
— ^will  be  49,500  lbs.  of  water,  or  795  cubic  feet,  falling 
one  foot  in  one  minute.  The  maximum  effect  varies 
with  the  construction  of  the  wheel.  Smeaton  found  it 
•76  times  the  theoretical  power;  Weisbach  "78  times 
for  the  wheel  of  a  Stamp  Mill  at  Frieberg,  which  was 
28  feet  high,  8  feet  wide,  carrying  48  buckets.*  To 
find  the  effective  horse-power,  the  theoretical  horse- 
power must  be  here  divided  by  the  coefficient  of  effect 
"76  or  '78,  which  will  give  48,600  foot-pounds,  or 
48,800  foot-pounds  per  minute.  The  following  experi- 
mental results  from  a  model  wheel  are  by  Smeaton. 

In  this  table  the  effective  power  of  the  water  must 
be  reckoned  upon  the  whole  descent,  because  it  must 
be  raised  that  height,  in  order  to  be  in  a  condition  of 
producing  the  same  effect  a  second  time. 

The  ratios  between  the  powers  so  estimated,  and  the 
effects  at  the  maximumy  deduced  from  the  several  sets 
of  experiments,  are  exhibited  at  one  view,  in  column 
9,  of  Table  II. ;  and  from  hence  it  appears,  that  those 
ratios  differ  from  that  of  10  to  7*6  to  that  of  10  to  5*2, 
that  is,  nearly  from  4  to  8  to  4  to  2.  In  those  experi- 
ments where  the  heads  of  water  and  quantities  expended 

*  Some  Talnable  experiments  on  the  power  of  water  wheels  are  given 
by  Rennie,  in  Weale's  Qoarterly  Papera  on  Engineering,  yoL  vi.  They 
however  require  redaction.  An  effect  of  *75  requires  a  flow  of  707  cubic 
feet  per  minute,  with  a  fall  of  one  foot,  for  a  horse  power. 
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are  least,  the  proportion  is  nearly  as  4  to  8,  but  where 
the  heads  and  quantities  are  greatest,  it  approaches 
nearer  to  that  of  4  to  2 ;  and  by  a  medium  of  the  whole. 
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the  ratio  is  that  of  8  to  2,  nearly.  We  have  seen  before, 
in  our  observations  upon  the  effects  of  undershot 
wheels,  that  the  general  ratio  of  the  power  to  the  effect, 
when  greatest,  was  8  to  1 ;  the  effect,  therefore,  of  over- 


414  THE  DISCHARGE  OF  WATER  FROM 

shot  wheels,  under  the  same  circumstances  of  quantity 
and  fall,  is  at  a  medium  double  to  that  of  the  undershot ; 
and,  as  a  consequence  thereof,  that  non-elastic  bodies, 
when  acting  by  their  impulse  or  collision,  communicate 
only  a  part  of  their  original  power ;  the  other  part  being 
spent  in  changing  their  figure,  in  consequence  of  the 
stroke. 

The  powers  of  water,  computed  from  the  height  of 
the  wheel  only,  compared  with  the  effects  as  in*  column 
10,  appear  to  observe  a  more  constant  ratio  :  for,  if  we 
take  the  medium  of  each  class,  which  is  set  down  in 
column  11,  we  shall  find  the  extremes  to  differ  no 
more  than  from  the  ratio  of  10  to  8*1  to  that  of  10  to 
8'5  ;  and  as  the  second  term  of  the  ratio  gradually  in- 
creases from  S'l  to  8"6,  by  an  increase  of  head  from  8 
inches  to  11,  the  excess  of  8*5  above  8'1  is  to  be  im- 
puted to  the  greater  impulse  of  the  water  at  the  head 
of  11  inches,  above  that  of  3  inches :  so  that  if  we 
reduce  8*1  to  8,  on  account  of  the  impulse  of  the  3-inch 
head,  we  shall  have  the  ratio  of  the  power,  computed 
upon  the  height  of  the  wheel  only,  to  the  effect  at  a  maxi- 
mum,  as  10  to  8  or  as  5  to  4,  nearly;  and  from  the 
equality  of  the  ratio  between  power  and  effect  subsist- 
ing, where  the  constructions  are  similar,  we  must  infer, 
that  the  effects,  as  well  as  the  powers,  are  respectively  as 
the  quantities  of  water  and  perpendicular  Jieights,  mul- 
tiplied together. 

Fob  breast  wheels,  the  ratio  of  the  theoretical 
power  to  the  effective  power  must  vary  considerably, 
the  mean  value  being  about  '6  and,  therefore,  the 
effective  horse-power  would  be  66,000  foot-pounds,  or 
1,060  cubic  feet  falling  1  foot  in  one  minute.     Morin 
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gives  an  efficiency  of  from  '52  to  '7.  Egen,  with  a 
wheel  23  feet  in  diameter,  4J  feet  wide,  having  69 
ventilated  backets,  very  well  constructed,  found  at  best 
an  efficiency  of  only  '52,  under  ordinary  circumstances 
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•48,  the  mean  amount  being  '5.    Very  wide  wheels 
give  a  larger  effect,  sometimes  as  high  as  '7 ;  but  a 


416  THE  DISCHABGE  OF  WATER  FROM 

great  deal  depends  on  the  manner  of  bringing  on  the 
water  and  the  constmction  of  the  wheel  and  buckets. 

Poncelet's  wheel  is  seldom  if  at  aU  used  in  these 
countries.  The  effective  power  is  *5,  or  1,060  cubic 
feet  of  water  fedling  one  foot  for  the  standard  horse- 
power. 

For  undershot  wheels  the  mean  effect  may  be 
taken  at  one-third,  or  '88,  or  100,000  foot-pounds,  or 
1,590  cubic  feet  falling  one  foot  in  one  minute,  for  an 
effectiye  horse's  power;  a  maximum  effect  of  '5  is 
sometimes  approached,  and  a  minimum  of  '26  or  less. 
The  following  results,  obtained  from  a  model,  are 
given  by  Smeaton.  The  tArtucd  or  effective  head  is 
here  termed  the  theoretical  head  due  to  the  velocity  of 
the  wheel,  at  the  circumference,  which  was  75  inches 
girth. 

Smeaton  derived  the  following  ''  maxims  "  from  the 
foregoing  experiments.  Their  truth,  independent  of 
any  experiment,  will  be  apparent : — 

/. — T%at  the  virtual  or  ejfecLive  head  being  the  same,  ihe  effect  vriU  he 

nearijf  at  the  quantiiif  of  water  es^pended, 
IL^That  tke  expesue  of  water  being  the  same,  the  effect  wUl  be  nearly 

OS  the  height  of  the  virtual  or  effective  head, 
IIL — That  the  quantity  of  %oater  expended  being  the  aame,  the  effect 

is  nearly  as  the  square  of  the  velocity. 
IV. — The  aperture  being  the  same,  the  effect  toill  be  nearly  as  the  cube 

of  the  velocity  of  the  water. 

For  turbines  or  horizontal  wheels,  a  usefol 
effect  of  two-thirds  or  '67  may  be  assumed,  or  49,500 
foot-pounds  in  a  minute  for  a  horse-power,  and  the 
efficiency  varies  from  '5  to  '8,  or  less.*    Poncelet's 

•  In  our  fint  edition  we  gave  an  efficien<7  of  *821,  on  the  aathority 
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turbine  gives  an  efficiency  of  *5  to  '6.  Floating  wheels 
'889  impact  wheels  from  *16  to  '4,  and  Barker's  mill 
from  *16  to  '85.  We  believe  that  the  efficiency  of  the 
tmrbine  has  been  too  often  over-estimated,  and  that 
the  great  advantage  of  this  wheel,  as  a  medium  of 
power,  is  derived  from  its  capability  of  employment  for 
all  falls,  whether  large  or  small,  without  any  consider- 
able loss  of  effect.  In  Ireland,  Mr.  Gardner,  of  Ar- 
magh, was  amongst  the  first,  if  not  the  first,  to  apply 
this  wheel  to  practical  purposes ;  and  Professor  Thom- 
son has,  in  his  vortex  wheels,  produced,  we  believe,  the 
highest  efficiencies  which  have  yet  been  obtained  in 
practice.  In  the  experiments  on  the  Ballysillan  wheel 
higher  efficiencies  would  probably  have  been  attained 
with  a  supply  pipe  of  larger  diameter.  It  will  be  seen 
from  the  remarks,  at  pp.  164  to  167,  and  the  tables, 
at  pp.  146  and  199,  that  quite  apart  from  bends,  &c., 
a  loss  of  mechanical  power  always  results  from  the 
passage  through  orifices  and  pipes;  and  that  it  is 
necessary  to  take  this  loss  into  account,  before  the  head 
acting  on  the  wheel  can  be  accurately  used  to  determine 
its  effective  power.  The  table,  p.  419,  contains  the 
experiments  on  the  Ballysillan  turbine. 

The  following  remarks  on  the  vortex  turbine,  read 
at  the  meeting  of  the  British  Association  at  Belfast, 
in  1852,  are  also  by  Professor  Thomson : — 

of  a  paper  by  Dr.  Bobinaon,  Armagh,  in  the  Proceedings  of  the  Royal 
Irish  Academy,  toL  iv.,  p.  214.  On  again  glancing  over  this  paper, 
we  believe  there  are  mistakes,  which  vitiate  the  resolts  there  given ; 
first,  in  the  formula  for  calculating  the  discharge  over  the  weir,  and 
next,  in  the  formula  for  finding  the  effect  of  the  brake.  Francis  gives 
an  efficiency  of  *88,  p.  8,  in  his  book. 
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*'  Numberless  are  the  varieties,  both  of  principle  and 
of  construction,  in  the  mechanisms  by  which  motive 
power  may  be  obtained  &om  falls  of  water.  The  chief 
modes  of  action  of  the  water  are,  however,  reducible  to 
three,  as  follows : — First,  the  water  may  act  directiy 
by  its  weight  on  a  part  of  the  mechanism  which  descends 
while  loaded  with  water,  and  ascends  while  free  from 
load.  The  most  prominent  example  of  the  application 
of  this  mode  is  afforded  by  the  ordinary  bucket  water 
wheel.*  Secondly,  the  water  may  act  by  fluid  pressure, 
and  drive  before  it  some  yielding  part  of  a  vessel  by 
which  it  is  confined.  This  is  the  mode  in  which  the 
water  acts  in  the  water  pressure  engine,  analogous  to 
the  ordinary  high-pressure  steam-engine.  Thirdly, 
the  water,  having  been  brought  to  its  place  of  action 
subject  to  the  pressure  due  to  the  height  of  fall,  may 
be  allowed  to  issue  through  small  orifices  with  a  high 
velocity,  its  inertia  being  one  of  the  forces  essentially 
involved  in  the  communication  of  the  power  to  the 
moving  part  of  the  mechanism.  Throughout  the 
general  class  of  water  wheels  called  turbines,  which  is 
of  wide  extent,  the  water  acts  according  to  some  of  the 
variations  of  which  this  third  mode  is  susceptible.  In 
our  own  coimtry,  and  more  especially  on  the  Conti- 
nent, turbines  have  attracted  much  attention^  and 
many  forms  of  them  have  been  made  known  by  pub- 
lished descriptions.  The  subject  of  the  present  com- 
munication is  a  new  water  wheel,  which  belongs  to  the 
same  general  class,  and  which  has  recently  been  in- 
vented and  brought  successfrillyinto  use  by  the  author. 
''  In  this  machine  the  moving  wheel  is  placed  within 
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a  chamber  of  a  nearly  circular  form.     The  water  is 
injected  into  the  chamber  tangentially  at  the  circnm- 
ference,  and  thus  it  receives  a  rapid  motion  of  rota- 
tion.    Betaining  this  motion  it  passes  onwards  towards 
the  centre,  where  alone  it  is  free  to  make  its  exit. 
The  wheel,  which  is  placed  within  the  chamber,  and 
which  almost  entirely  fills    it,   is   divided   by    thin 
partitions  into  a  great  number  of  radiating  passages. 
Through  these  passages  the  water  must  flow  on  its 
course  towards  the  centre  ;  and  in  doing  so  it  imparts 
its  own  rotatory  motion  to  the  wheel.     The  whirlpool 
of  water  acting  within  the  wheel  chamber,  being  one 
principal  feature  of  this  turbine,  leads  to  the  name 
Vortex  as  a  suitable  designation  for  the  machine  as  a 
whole. 

"  The  vortex  admits  of  several  modes  of  construc- 
tion, but  the  two  principal  forms  are  the  one  adapted 
for  high  falls  and  the  one  for  low  falls.  The  former 
may  be  called  the  High-pressure  Vortex,  and  the 
latter  the  Low-pressure  Vortex.  Examples  of  these 
two  kinds  are  in  operation  at  two  mills  near  Belfast. 

**  The  height  of  the  fall  for  the  first  vortex  is  about 
87  feet,  and  the  standard  or  medium  quantity  of  water, 
for  which  the  dimensions  of  the  various  parts  of  the 
wheel  and  case  are  calculated,  is  540  cubic  feet  per 
minute.  With  this  fieJl  and  water-supply  the  esti- 
mated power  is  28  horse-power,  the  efficiency  being 
taken  at  76  per  cent.  The  proper  speed  of  the  wheel, 
calculated  in  accordance  with  its  diameter  and  the 
velocity  of  the  water  entering  its  chamber,  is  855 
revolutions  per  minute.     The  diameter  of  the  wheel 
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is  22f  inches,  and  the  extreme  diameter  of  the  case 
is  4  feet  8  inches. 

**  In  the  second  vortex,  the  fall  being  taken  at  7 
feet,  the  calculated  quantity  of  water  admitted,  at 
the  standard  opening  of  the  guide-blades,  is  2,460 
cubic  feet  per  minute.  Then,  the  efficiency  of  the 
wheel  being  taken  at  75  per  cent.,  its  power  will 
be  24  horse-power.  Also,  the  speed  at  which  the 
wheel  is  calculated  to  revolve  is  48  revolutions  per 
minute. 

"  The  two  examples  which  have  now  been  described 
of  vortex  water  wheels,  adapted  for  very  distinct 
circumstances,  wiU  serve  to  indicate  the  principal 
features  in  the  structural  arrangements  of  these  new 
machines  in  general.  Bespecting  their  principles  of 
action  some  further  explanations  will  next  be  given. 
In  these  machines  the  velocity  of  the  circumference 
is  made  the  same  as  the  velocity  of  the  entering 
water,  and  thus  there  is  no  impact  between  the  water 
and  the  wheel ;  but,  on  the  contrary,  the  water  enters 
the  radiating  conduits  of  the  wheel  gently,  that  is 
to  say,  with  scarcely  any  motion  in  relation  to  their 
mouths.  In  order  to  attain  the  equalization  of  these 
velocities,  it  is  necessary  that  the  circumference  of  the 
wheel  shovld  move  ivith  the  velocity  which  a  heavy  body 
would  attain,  in  falling  through  a  vertical  space  equal 
to  half  the  vertical  fall  of  the  water,  or  in  other  words, 
with  the  velocity  due  to  half  the  fall ;  and  that  the 
orifices  through  which  the  water  is  injected  into  the 
wheel-chamber  should  be  conjointly  of  such  area  that 
when  all  the  water  required  is  flowing  through  them. 
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it  also  may  have  a  velocity  dae  to  half  the  fall.  Thus 
one-half  only  of  the  fall  is  employed  in  producing 
velocity  in  the  water ;  and,  therefore,  the  other  half 
still  remains  acting  on  the  water  within  the  wheel- 
chamber  at  the  circumference  of  the  wheel,  in  the 
condition  of  fluid  pressure.  Now,  with  the  velocity 
already  assigned  to  the  wheel,  it  is  found  that  this 
fluid  pressure  is  exactly  that  which  is  requisite  to 
overcome  the  centrifugal  force  of  the  water  in  the 
wheel,  and  to  bring  the  water  to  a  state  of  rest  at 
its  exit ;  the  mechanical  work  due  to  both  halves  of 
the  fall  being  transferred  to  the  wheel  during  the 
combined  action  of  the  moving  water  and  the  moving 
wheel.  In  the  foregoing  statements,  the  effects  of 
fluid  friction,  and  of  some  other  modifying  influences, 
are,  for  simplicity,  left  out  of  consideration ;  but  in 
the  practical  application  of  the  principle,  the  skill 
and  judgment  of  the  designer  must  be  exercised  in 
taking  all  such  elements,  as  far  as  possible,  into 
account.  To  aid  in  this,  some  practical  rules,  to 
which  the  author  as  yet  closely  adheres,  were  made 
out  by  him  previously  to  the  date  of  his  patent. 
These  are  to  be  found  in  the  specification  of  the 
patent,  published  in  the  Mechanics*  Magazine  for 
January  18  and  January  25,  1851  (London). 

'^  In  respect  to  the  numerous  modifications  of  con- 
struction and  arrangement  which  are  admissible  in 
the  vortex,  while  the  leading  principles  of  action  are 
retained,  it  may  be  sufficient  here  merely  to  advert, — 
first,  to  the  use  of  straight  instead  of  curved  radiating 
passages  in  the  wheel ;  secondly,  to  the  employment, 
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for  simplicity,  of  invariable  entrance  orifices,  or  of 
fixed  instead  of  moveable  guide-blades ;  and  lastly,  to 
the  placing  of  the  wheel  at  any  height,  less  than  about 
thirty  feet,  above  the  water  in  the  tail-race,  combined 
with  the  employment  of  suction  pipes  descending 
from  the  central  discharge  orifices,  and  terminating  in 
the  water  of  the  tail-race,  so  as  to  render  available  the 
part  of  the  fall  below  the  wheel. 

''In  relation  to  the  action  of  turbines  in  general, 
the  chief  and  most  commonly  recognized  conditions, 
of  which  the  accomplishment  is  to  be  aimed  at,  are 
that  the  water  should  flow  through  the  whole  machine 
with  the  least  possible  resistance,  and  that  it  should 
enter  the  moving  wheel  without  shock,  and  be  dis- 
charged from  it  with  only  a  very  inconsiderable  velo- 
city. The  vortex  is  in  a  remarkable  degree  adapted 
for  the  falfilment  of  these  conditions.  The  water 
moving  centripetally  (instead  of  centrifugally,  which 
is  more  usual  in  turbines),  enters  at  the  period  of 
its  greatest  velocity  (that  is,  just  after  passing  the 
injection  orifices)  into  the  most  rapidly  moving  part  of 
the  wheel,  the  circumference ;  and,  at  the  period  when 
it  ought  to  be  as  far  as  possible  deprived  of  velo- 
city, it  passes  away  by  the  central  part  of  the  wheel, 
the  part  which  has  the  least  motion.  Thus,  in  each 
case,  that  of  the  entrance  and  that  of  the  discharge, 
there  is  an  accordance  between  the  velocities  of  the 
moving  mechanism  and  the  proper  velocities  of  the 
water. 

"  The  principle  of  injection  from  without  inwards, 
adopted    in    the  vortex,   affords    another  important 
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advantage  in  comparison  wiHi  turbines  having  the  con- 
trary motion  of  the  water ;  as  it  allows  ample  room, 
in  the  space  outside  of  the  wheel,  for  lai^e  and  well- 
formed  injection  channels,  in  which  the  water  can  be 
made  very  gradually  and  regularly  to  converge  to 
the  most  contracted  parts,  where  it  is  to  have  its 
greatest  velocity.  It  is  as  a  concomitant  also  of  the 
same  principle,  that  the  very  simple  and  advantage- 
ous mode  of  regulating  the  power  of  the  wheel,  by 
the  moveable  guide-blades  already  described,  can  be 
introduced.  This  mode,  it  is  to  be  observed,  while 
giving  great  variation  to  the  areas  of  the  entrance 
orifices,  retains  at  all  times  very  suitable  forms  for 
the  converging  water  channels. 

''Another  adaptation  in  the  vortex  is  to  be  re- 
marked as  being  highly  beneficial,  that,  namely, 
according  to  which,  by  the  balancing  of  the  contrary 
fluid  pressures  due  to  half  the  head  of  water  and  to 
the  centrifugal  force  of  the  water  in  the  wheel,  com- 
bined with  the  pressure  due  to  the  ejection  of  the 
water  backwards  from  the  inner  ends  of  the  vanes 
of  the  wheel  when  they  are  curved,  only  one-half  of 
the  work  due  to  the  fall  is  spent  in  communicating 
vis  viva  to  the  water,  to  be  afterwards  taken  from  it 
during  its  passage  through  the  wheel ;  the  remainder 
of  the  work  being  communicated  through  the  fluid 
pressure  to  the  wheel,  without  any  intermediate 
generation  of  vis  viva.  Thus  the  velocity  of  the 
water,  where  it  moves  fastest  in  the  machine,  is  kept 
comparatively  low ;  not  exceeding  that  due  to  half 
the  height  of  the  fall,  while  in  other  turbines  the 
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water  usually  requires  to  act  at  much  higher  velocities. 
In  many  of  them  it  attains  at  two  successive  times  the 
velocity  due  to  the  whole  fall.  The  much  smaller 
amount  of  action,  or  agitation,  with  which  the  water 
in  the  vortex  performs  its  work,  causes  a  material 
saving  of  power  by  diminishing  the  loss  necessarily 
occasioned  by  fluid  friction. 

"  In  the  vortex,  further,  a  very  favourable  influence 
on  the  regularity  of  the  motion  proceeds  from  the 
centrifugal  force  of  the  water,  which,  on  any  increase 
of  the  velocity  of  the  wheel,  increases,  and  so  checks 
the  water  supply;  and  on  any  diminution  of  the 
velocity  of  the  wheel,  diminishes,  and  so  admits  the 
water  more  freely;  thus  counteracting,  in  a  great 
degree,  the  irregularities  of  speed  arising  from  varia- 
tions in  the  work  to  be  performed.  When  the  work 
is  subject  to  great  variations,  as  for  instance  in  saw- 
mills, in  bleaching  works,  or  in  forges,  great  incon- 
venience often  arises  with  the  ordinary  bucket  water- 
wheels  and  with  turbines  which  discharge  at  the 
circumference,  from  their  running  too  quickly  when 
any  considerable  diminution  occurs  in  the  resistance 
to  their  motion. 

"The  first  vortex  which  was  constructed  on  the 
large  scale  was  made  in  Glasgow,  to  drive  a  new 
beetling-mill  of  Messrs.  0.  Hunter  and  Co.,  of 
Dunadry,  in  County  Antrim.  It  was  the  only  one  in 
action  at  the  time  of  the  meeting  of  the  British 
Association  in  Belfast ;  but  the  two  which  have  been 
particularly  described  in  the  present  article,  and  one 
for  an  unusually  high  fall,  100  feet,  have  since  been 
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completed  and  brought  into  operation.  There  are 
also  several  others  in  progress ;  of  which  it  may  be 
sufficient  to  particularize  one  of  great  dimensions  and 
power,  for  a  new  flax-mill  at  Ballyshannon  in  the 
West  of  Ireland.  It  is  calculated  for  working  at  150 
horse-power,  on  a  fall  of  14  feet,  and  it  is  to  be 
impelled  by  the  water  of  the  River  Erne.  This  great 
river  has  an  ample  reservoir  in  the  Lough  of  the 
same  name ;  so  that  the  water  of  wet  weather  is  long 
retained,  and  continues  to  supply  the  river  abund- 
antly even  in  the  dryest  weather.  The  lake  has  also 
the  effect  of  causing  the  floods  to  be  of  long  duration, 
and  the  vortex  wUl  consequently  be,  through  a  con- 
siderable part  of  the  year,  and  for  long  periods  at 
a  time,  deeply  submerged  under  backwater.  The 
water  of  the  tail-race  will  frequently  be  seven  feet 
above  its  ordinary  summer  level ;  but  as  the  water  of 
the  head-race  will  also  rise  to  such  a  height  as  to 
maintain  a  sufficient  difference  of  levels,  the  action  of 
the  wheel  will  not  be  deranged  or  impeded  by  the 
floods.  These  circumstances  have  had  a  material 
influence  in  leading  to  the  adoption  in  the  present 
case  of  this  new  wheel  in  preference  to  the  old  breast 
or  undershot  wheels." 

The  next  tables  have  been  arranged  by  us  from 
Mr.  Francis'  valuable  experiments.  They  show  the 
ratio  of  the  effect  to  the  power  in  two  wheels,  the  first 
a  centre-vent  wheel,  erected  at  the  Boott  Cotton  Mills, 
and  the  second  a  turbine,  erected  at  the  Tremont  Mills, 
Lowell,  Massachusetts. 

The  maximum  effect  '794  was  obtained  from  the 
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rremont  turbine  experiments,  when  the  velocity  of 
ihe  interior  circumference  of  the  wheel  was  to  that 
due  to  the  whole  fall  as  *68  to  1 ;  and  an  effect  of  78 
per  cent,  was  obtained  when  these  velocities  were  as 
•51  to  1,  In  the  Boott  centre-vent  wheel  the  maxi- 
mum effect  '797  was  obtained  when  the  velocity  of 
the  exterior  circumference  was  to  that  due  to  the  fall 
as  *64  to  1;  and  a  like  effect  was  produced  when 
this  ratio  was  '708  to  1.  Indeed,  between  these 
ratios  the  useful  effect  was  nearly  the  same ;  an 
effect  of  '78  to  '79  was  obtained  for  all  such  ratios 
between  limits  of  *59  and  *71  to  1,  averaging  a  ratio 
of  *65  to  1.  If  a  turbine  have  a  variable  fall,  say 
from  2  to  1,  and  be  of  sufficient  capacity  to  give 
the  required  power  always,  the  dimensions  should 
be  determined  from  the  lesser  fall,  and  if  correctly 
so  determined,  it  will  not  have  sufficient  velocity 
for  the  greater  fall.  When  the  fall  is  greatest  the 
quantity  in  the  same  place  is  generally  least,  giving 
thereby  a  lessened  effect  when  most  is  required. 
For  such  cases  two  turbines  may  be  used  with 
advantage. 


TABLE  tlkowiaia  ik»  BenOtt  tf  JSxperkuntt  umm  a  Model  qf  a  Cenlre'Wni  WaUr 
Wheel,  and  alto  upon  a  Centre-veni  Water  Wheel  at  the  BoaU  Cotton  2i%U»^  LoweU, 
MauachueetU,  arranged  from  Mr.  Frameut  wdnaile  Experiments.  Diameter  cgf 
Wheel  to  the  outeide  <f  the  Bucket*,  about  9-Sfeet.  Deptha  </  External  Guide 
Curves  about  75  foot.  External  heiaht  qf  Wheel  about  1'5  feet.  Number  cf 
Bucket;  40.  Mean  haght  of  the  ov^Leee  between  the  Guide;  1  foot.  Diameter  rf 
Supplg  Pipe,  8  feet.  Thejirtt  Seven  Experimemia  were  made  on  a  Model,  the  Ex- 
terior Diameter  of  the  Wheel  being  22^  inches.  Interior  Diameter  19^  inches,  height 
between  the  Crowns  2^  inches,  and  the  number  of  Buckets  36.  The  Construction  <f 
the  Wheel  is  ehown  tn  Mr.  Francis'  Book,  and  all  neeessaru  Details.  The  general 
principle  qfthe  Cetdre-oent  Wheel  cf  Francis'  and  Thouuon^s  Vortex  Wheel  appeara 
to  be  the  same;  the  Guide  Blades  being  fewer  in  the  latter,  and  capable  tf  adjust- 
ment. 
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1-837 

112-99 

94662-2 

70 

1584-0 

•796 

29-39 

20-51 

86 

18-33 

1-832 

112-56 

93603-9 

•68 

1613-9 

797 

29-28 

19-93 

37 

13-38 

1-837 

11300 

94296-4 

•67 

1644-4 

•797 

2983 

1971 

38 

13-39 

1-838 

113  07 

94415-2 

•66 

1676-1 

796 

29-84 

19-36 

39 

13-38 

1-839 

11316 

944711 

•65 

1706-5 

-796 

29-34 

19-03 

40 

13-86 

1-838 

11309 

94219-0 

•64 

1735-9 

•797 

29-31 

18-67 

41 

13-38 

1-844 

11367 

94881-9 

•62 

1768-4 

•791 

29-34 

18-32 

42 

13-40 

1-851 

114-29 

95571-2 

•61 

1802  1 

•787 

29-36 

18-00 

43 

13-82 

1-848 

113-97 

94703-1 

•59 

1836*2 

•781 

29^ 

17-38 

44 

18-64 

1-809 

110-45 

93270-1 

•  • 

3155-3 

•  • 

29-61 

•  • 

45 

13-67 

1-807 

110-32 

93422-4 

■  • 

2793-3 

•  • 

29-65 

•  • 

46 

18-60 

1-688 

99-79 

84635-0 

129 

•  • 

a  • 

29-57 

37-70 

TABLE  $homnff  the  Se$uU$  </  EMerimenit  %wm  the  Turiiite  at  Tremoni  2^, 
LtmM,  Ma$»adkM$etts,  arranged  from  Mr.  JPrancit*  valuable  JSxperivtente.  Dia- 
meter, meaeured  to  the  Exterior  Ctreun^ereHee  qf  Crown*  of  the  Wheel,  8*333  fiet. 
Height  of  Bucket*  from  top  qf  the  Dite  to  the  bottom  cfthe  Gamiiure,  ^T/erf. 
Number  qf  Buekete,  44.  Width  qf  the  Bucket*,  •S  fool  nearly.  Width  qf  Outde 
Curve*,  2-3  feet  nearly.  If  umber  qf  Ditto,  33.  A  DoubU  Weir  unth  4  end  conetruc 
tiou*,  and  16-98/»rf  Um,  u*ed  for  gauging  the  Water,  the  Greet  beina  6b  feet  above 
thejtoor  qfthe  Wheel  Pit.  The  Fall*  thow  the  d^erenee  qfhead*  in  the  Forebay  and 
Wheel  Pit.  For  fuHher  detail*,  *ee  Franeie'  lA>well  HydrauUe  Experiment*,  pp. 
1  to  43.     The  eupply  pipe  i*  fully  a  quadrant,  and  varie*from  6  to  Qfeet  in  diameter. 


t 
u 

J 

1 

3 

3  a 

it 
s 

"  1. 

1 

Falls  actlnfr  on  the 
Wheel. 

Depths  on  the  Weir 
In  feet. 

Cubic  fleet  of  Water 
acUng  on  the  Wheel 
per  second. 

1 

In 

Number  or  reroiunons 
of  the  Wheel  per 
second. 

Weight  in  the  scale  in 
povuids  aroirdapois. 

Ratio  of  the  effect  to 
the  power,  calculated 

by  means  of  Prony's 
brake  ordynamomctor. 

Velocity  due  to  the  fWl 

acting  on  the  Wheel, 

In  feet  per  second. 

Velocity  of  the  Interior 

circumference  of  the 

-Wheel,  in  feet  per 

second. 

2 

3 

4       1        6 

6 

7 

8 

9 

10 

1 

12-864 

1-88 

189-42      111870-0 

-894 

1443-34 

784 

28-76 

18-95 

2 

12-869 

1-88 

139-47 

111951-2 

•894 

1U3-S4 

•784 

28-77 

1896 

3 

12^11 

2-02 

154-40 

121444-2 

1-532 

411-48 

-353 

28-48 

32-49 

4 

12  696 

1-97 

149-46 

118363-5 

1-382 

638  36 

-507 

28-68 

29  32 

5 

12-777 

1-94 

146-02 

116378-2 

1245 

864-87 

-622 

28-67 

26  40 

6 

12-819 

1-92 

148-91 

116067-3 

1-125 

1057  ^49 

703 

2871 

23-86 

7 

12-856 

1-91 

142-52 

114284-2 

1-067 

1156  27 

•735 

28  76 

2-2  68 

8 

12-888 

1-90 

142-04 

114187  1      1  024 

1229-41 

750 

28-79 

21-71 

9 

12  896 

190 

141-28 

113640-9        -970 

1819  22 

766 

28-80 

20-57 

10 

12  883      1-89 

140-08 

112568  7        -923 

1397-12 

•779 

28-79 

19-57 

11 

12-899      1-88 

139-90      112568-8 

•902 

1433-48 

-781 

28  80 

19-18 

12 

12^5 

1-88 

139-01      111893-5 

-892 

1454-24 

•789 

2881 

18-92 

13 

12-899 

1-88 

189-03 

111859-4 

-885 

1464-80 

788 

28-80 

18*77 

14 

12-902 

1-87 

138*85 

111740-3 

•880 

1474-37 

790 

28-81 

18  66 

15 

12-906 

1-87 

138  51 

111504-9 

-866 

1498'66 

792 

28-81 

18-87 

16 

12-915 

1-87 

138-27 

111384-0 

-836 

155244 

•794 

28-82 

1778 

17 

12-934 

1-87 

138-28 

1115211 

•818 

1597-08 

-792 

28-84 

17-25 

18 

12-939 

1-86 

187-71 

111139-7 

742 

1724-49 

78.J 

28-85 

1574 

19 

12-940 

1-84 

186-14 

109077-1 

•646 

191145 

770 

28-86 

13-69 

20 

12^63 

1-84 

135-84 

109433-4 

-647 

1911-46 

-769 

28-88 

1372 

21 

12-977 

1-83 

18876      108265^ 

•532 

2167  88 

725 

28-89 

1129 

22 

12-948 

1-82 

133-43      107764-7 

•454 

2867-88 

-679 

28-86 

9-68 

23 

12-954 

1-87 

188-62      112009-8 

-882 

1666  21 

•791 

28-86 

17*64 

24 

12-932 

1-87 

188-50 

111720-6 

-817 

1690-60 

791 

;28-84 

17*82 

I 

25 

12-951 

1-87 

188 -37 

111777-2 

789 

1641-34 

788 

28-86 

1674 

1 

26     12-758 

1-92 

148-33 

114060-7 

1'483 

890-95 

•346 

28  65 

81-46 

27      12-909 

1-86 

187-75 

110917-6 

1142 

963-30 

•675 

28-82 

24-21 

28 

12 -WO 

1-86 

137-00 

1106647 

1-025 

115077 

7-25 

28-86 

2178 

2y 

12-965 

1-84 

13510 

109252-2 

•930 

1293-68 

750 

28-88 

1974 

30 

12-999 

1-82 

188-30 

108082^5 

-865 

1396  11 

760 

28-92 

18-36 

31 

13-026 

1-81 

181-99 

107246-3 

-844 

1494-68 

763 

28-96 

1705 

32 

13-028 

1-80 

180-89 

106366-6 

708 

1656-98 

•750 

28.95 

15-01 

33 

13077 

1-68      118-56 

96699-6 

1-361 

816-03 

•300 

29  00 

28-66 

34 

18-134 

1-66      116-10 

95112-0 

1-219 

619-69 

•463 

2906 

25  84 

36 

13-215 

1*63 

118-24 

93346-0 

1-004 

832-26 

-609 

29-15 

21-28 

36 

13-282 

1-50 

109-71 

90898-8 

-848 

1033 -30 

-652 

29  23 

17^88 

37 

13-310 

1-58 

107 -W 

896207 

776 

111502 

•656 

29-26 

16-44 

38 

13-362 

1-54 

103-86 

86555-6 

•616 

1277-98 

•619 

29  32 

13-06 

39 

12-883 

1-86 

137-36 

110380-8 

•855 

1482  56 

781 

28-79 

1812 

40 

12-896 

1-86 

186^ 

110176-6 

•822 

1544-87 

784 

28-80 

17-42 

41 

12-912 

1-85 

186-56 

109978-0 

789 

1604-85 

783 

28-82 

1678 

42 

13-369 

1-27 

78-84 

65746-8 

1-146 

118-69 

-141 

29*32 

24^30 

43 

13-395 

1-25 

76-62 

64018-1 

•960 

825-39 

-332 

29  36 

20-36 

44 

13-435 

1-22 

7406 

62062-0 

772 

619-86 

-440 

29-40 

16^87 

45 

13-478 

119 

71-87 

60424-6 

•672 

612-22 

-463 

29-44 

14^26 

46 

18513 

117 

7001 

69006-4 

•560 

704-44 

-465 

29-48 

11^87 

47 

13-559 

111 

64-50 

64554^ 

•300 

882-02 

•330 

29-53 

636 

48 

13-085 

•78 

88-22 

88840*8 

•620 

118*69 

•150 

29-99 

1314 

49 

14-001 

•78 

88-57 

88688-6 

•689 

7814 

•102 

80  01 

14-61 

TjO 

14020 

•76 

87  17 

82506-0 

•888 

296-80 

•240 

30*03 

8-28 

430 


THE  DISCHARGE  OP  WATER  FROM 


TABLE  for  TwAntew  f^H^erttd 


!,  modiyiedfrom  Pramat,  opvratimg  wUk  d^enmt 


Reight 


qftke 


OtttaMcdteneterl   ft. 

Onfende  diameter  S   ft. 

Outride  diaoieter  4    ft.'oatBidedl«M!la-ft   ft. 

iBdde         ^       I'M ., 

Inside         .,       i»„ 

Indde          .,       324„|I]uide          .       411. 

i 

NvmberoriraekctoW. 

Nwnber  of  Imcketo  S8. 

Number  U  biicketi  41. 

Number  of  bockcti  45.  | 

u 

• 

I 

I& 

15 

i 

}l 

t 

i 

u 

i 

v4 

3 

si- 

II 

pi 

1 

IP 

1 
J 

H 

1 

pi 

& 

If 

1^ 

H 

s 

;^ 

H 

f^ 

H 

^ 

r 

5 

4-5 

1-9 

123 

10-1 

4*3 

80 

17-88 1    7-6 

59 

27-9 

11-9 

47 

6 

4-9 

2-5 

185 

11-0 

5-6 

88 

19-6 

10-0 

65 

30-6 

15-6 

51 

7 

5*8 

8-1 

146 

11-9 

71 

95 

21-17 

12-6 

70 

88-1 

197 

55 

8 

57 

8-8 

156 

127 

87 

102 

22-63 

15-4 

75 

85-8 

24-0 

69 

9 

6-0 

4-6 

165 

13-5 

10-8 

108 

2400 

18-4 

79 

37-5 

287 

63 

10 

6-8 

5-4 

174 

14-2 

121 

114 

25-30 

21-5 

84 

89*5 

88-6 

M 

11 

6-6 

6-2 

188 

14-9 

13-9 

119 

26-53 

24-8 

88 

41-5 

88-8 

69 

12 

6-9 

7-1 

191 

15-6 

15-9 

125 

27-71 

28-3 

92 

43  8 

44-2 

72 

13 

7-2 

8-0 

199 

16-2 

17-9 

180 

28-84 

31-9 

95 

45-1 

49-8 

75 

14 

7-5 

8-9 

206 

16-8 

20-0 

135 

29-98 

85-6 

99 

46-8 

657 

78 

15 

7-7 

9-9 

218 

17-4 

22-2 

189 

30-98 

89-5 

108 

48-4 

617 

81 

16 

8-0 

10-9 

220 

180 

24-5 

144 

32-00 

48-6 

106 

60-0 

68-0 

83 

17 

8-2 

11-9 

227 

18-5 

26-8 

148 

32-99 

477 

109 

51-5 

74-5 

S6 

18 

8-5 

130 

284 

191 

29-2 

153 

83-94 

51-9 

112 

530 

811 

88 

19 

8-7 

14-1 

240 

19-6 

317 

157 

84-87 

56  3 

115 

54-5 

88-0 

91 

20 

8-9 

15-2 

247 

20  1 

34-2 

161 

85-78 

60-8 

118 

55-9 

950 

98 

21 

9-2 

16-4 

253 

20-6 

36-8 

165 

86 -615 

65-4 

121 

67-8 

102-2 

96 

22 

9-4 

17-5 

259 

21-1 

39-5 

169 

37-52 

70-2 

124 

58-6 

109-6 

98 

23 

9-6 

18-7 

264 

21-6 

42*2 

172 

88-87 

75-0 

127 

59-9 

117-2 

100 

24 

9-8 

20  0 

270 

22-0 

45-0 

176 

89-19 

79-9 

180 

61-2 

124-9 

102 

25 

10  0 

21-2 

276 

22-5 

47-8 

180 

40-00 

85-0 

182 

62-5 

132-8 

104 

26 

10-2 

22-5 

281 

22-9 

507 

183 

40-79 

90-1 

185 

687 

140-9 

106 

27 

10-4 

23-8 

286 

28-4 

537 

187 

41-57 

95-4 

138 

65-0 

149  1 

108 

28 

10-6 

25-2 

292 

28-8 

567 

190 

42-38 

1007 

140 

66-1 

157-4 

110 

29 

10-8 

26*5 

297 

24-2 

697 

194 

48-08 

106-2 

143 

67-8 

165-9 

112 

30 

10-9 

27-9 

302 

24-6 

62-8 

197 

48-82 

1117 

145 

68-5 

174^ 

114 

81 

11-1 

29-8 

807 

25  0 

66-0 

200 

44-54 

117-4 

147 

69-6 

183-4 

116 

82 

11-8 

80-8 

812 

25-5 

69-2 

208 

45-25 

128-1 

150 

707 

192-8 

118 

83 

11-6 

82-2 

817 

25-8 

72-5 

207 

45-96 

128-9 

152 

71-8 

201-4 

120 

84 

11-7 

887 

821 

26-2 

75-8 

210 

46-65 

134-8 

154 

72-9 

210-6 

122 

85 

11-8 

35-2 

826 

26-6 

79-2 

218 

47-88 

140-8 

157 

78-9 

220-0 

128 

86 

12-0 

867 

881 

27-0 

82-6 

216 

48-00 

146-9 

159 

75  0 

229-5 

125 

87 

12-2 

88-3 

885 

27*4 

86-1 

219 

48-66 

158-0 

161 

76-0 

289  1 

127 

88 

12-8 

89-8 

840 

277 

89-6 

922 

49-82 

159-8 

168 

77-0 

248-9 

129 

89 

12-6 

41-4 

844 

28-1 

93-2 

225 

49-96 

165-6 

165 

78  1 

258-8 

180 

40 

12-6 

43-0 

849 

28-5 

96-8 

227 

50-60 

172-0 

167 

79-1 

268-8 

132 

ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  qf  Twrbinet  qfdi^erent  Diameien,  modyied  from  FranoU,  opemHang  mlh  Afferent 
FalU;  auummg  the  ut^ful  ^9et  u  aeveiUg^^  per  cent,  tf  the  power  expended,  tJuU  the 
Veloeiljf  qfthe  interwr  dreiuitferenee  iej^ftg-tix  per  cent,  of  the  VeloeUm  dine  to  the  Faii, 
and  that  aleo  the  Meighi  between  the  Oromu  ie  one-tenth  t/the  Onteide  Dituneter. 


1 

1 

1 

d 

Oatdde  diameter  6    fL  < 
Inside          »        6    .. 
Ntunber  of  buckets  48.   ] 

Ontdde  diameter  7    ft. 
Inside         .,       <-90„ 
Number  of  buckets  M. 

Outside  diameter  8    ft. 
Inside          „        6*81  „ 
Number  of  buckets  M. 

Outside  dinmeter  10  fL 
Inside          ,.        8*07  „ 
Number  of  buckets  90. 

Is 

b 

1 

|l| 
^5 

Si 

t 

u 

• 

I 

Pi 

I' 
^5 

b 

t 

1 

•5 

\ 

P 

P4 

1 

P 

Water  diwba 

incnblcfeet 

second. 

jl 

1 

t3 

1% 
II 

5 

40-2 

17-1 

38 

54-8 

23-3' 32 -5 

71-5 

80-4  28-1 

111-8      47-6 

22-1 

6 

44-1 

22-5 

42 

60-0 

30-6  35-6 

78-4 

40-0 

30-8 

122-5 

62-6 

24-2 

7 

47-6 

28-3 

45 

64-8 

88-6 

38-4 

847 

50-4 

38-8 

182-3 

787 

26-2 

8 

60-9 

84-6 

48 

69-3 

47-1 

41-1 

90-5 

61-5 

85-6 

141-4 

96-2 

28-0 

9 

54*0 

41-3 

51 

73-5 

56-2 

48-6 

96-0 

73-4 

37-8 

150-0 

1147 

297 

10 

56*9 

48-4 

54 

77-5 

65-9 

46-0 

101-2 

86-0 

39-8 

158-1 

184-4 

31-3 

11 

59-7 

55-8 

57 

81-8 

76-0 

48-2 

106-1 

99-2 

417 

165-8 

155-0 

32-8 

12 

62*4 

68-6 

59 

84-9 

86-6 

50-8 

110-8 

118-1 

43-6 

178-2 

1767 

34-3 

13 

64-9 

71-7 

62 

88-3 

97-6 

52-4 

115-4 

127-5 

45-4 

180-8 

199-2 

857 

14 

67-8 

80-1 

64 

91-7 

109-1 

54-4 

1197 

142-5 

47-1 

187-1 

222-6 

37-0 

15 

69-7 

88-9 

66 

94-9 

121-0 

56-3 

123-9 

158-0 

487 

198-6 

246-9 

38-3 

16 

72-0 

97-9 

69 

98-0 

133-3 

58-1 

128-0 

174-1 

50-3 

200-0 

272-0 

39-6 

17 

74-2 

107-2 

71   101-0 

146-0 

59-9 

181-9 

190-6 

51-9 

206-2 

297-9 

40-8 

18 

76-4 

116-8 

78   103-9 

159-0 

617 

135-8 

207-7 

58-4 

212-1 

324-6 

42-0 

19 

78-5 

126-7 

75 

106-8 

172-5 

63-3 

139-5 

225-8 

54-9 

217-9 

352-0 

43-1 

20 

80-5 

186-8 

77 

109-6 

186-3 

65-0 

143-1 

248-3 

56-3 

223-6 

880-1 

44-3 

21 

82-5 

147-2 

79 

112-8 

200-4 

66-6 

146-6 

2617 

577 

229-1 

409-0 

45-4 

22 

84-4 

157-9 

80 

114-9 

214-9 

68-2 

150-1 

2807 

59  0 

234-5 

488-5 

46-4 

23 

86-8 

168-8 

82 

117-5 

229-7 

697 

158-5 

300-0 

60-4 

289-8 

468-8 

47-5 

24 

88-2 

179-9 

84 

120-0 

244-8 

71-2 

156-8 

319-8 

617 

244-9 

499-7 

48-5 

25 

90  0 

191-2 

86 

122-5 

260-3 

727 

160-0 

840-0 

62-9 

250  0 

531-2 

49-5 

26 

91-8 

202-8 

87 

124-9 

276-1 

74-1 

168-2 

860-6 

64-2 

254-9 

568-4 

60-5 

27 

98-5 

214-6 

89 

127-3 

292-2 

75-5 

166-3 

381-6 

65-4 

259-8 

596-3 

51-4 

28 

95-2 

2267 

91 

129-6 

308-5 

76-9 

169-8 

403-0 

66-6 

264-6 

6297 

52-4 

29 

96-9 

238-9 

92 

131-9 

325-2 

78-8 

172-8 

424-8 

67-8 

269-3 

663-7 

63-3 

30 

98-6 

261-4 

94 

184-2 

342-2 

79-6 

175-8 

446-9 

68-9 

273-9 

698-3 

54-2 

31 

100-2 

264-1 

95 

186-4 

359-4 

80-9 

178-2 

469-5 

70-1 

278-4 

783-5 

65-1 

32 

101-8 

277-0 

97 

138-6 

377-0 

82-2 

181-0 

492-4 

71-2 

282-8 

769-3 

66  0 

33 

103-4 

290-0 

98 

140-7 

394-8 

83-5 

188-8 

515-6 

72-3 

287-2 

8057 

56-9 

!31 

105-0 

808-3 

100 

142-9 

412-9 

847 

186-6 

539-2 

73-4 

291-5 

842-6 

577 

35 

106-5 

816-8 

101 

144-9 

481-2 

86-0 

189-3 

568-2 

74-5 

295-8 

880-0 

68-5 

36 

108-0 

330-5 

108 

147-0 

449-8 

87-2 

192-0 

587-5 

75-5 

800-0 

918-0 

59-4 

37 

109-5 

344-3 

104 

149-0 

4687 

88-4 

194-6 

612-2 

76-6 

804-1 

956-5 

60-2 

38 

Ill-O 

358-4 

106 

151-0 

487-8 

89-6 

197-8 

687-1 

77-6 

308-2 

995-5 

61-0 

39 

112-4 

872-6 

107 

158-0 

507-2 

90-8 

199-8 

662-5 

78-6 

312-2 

1035-1 

61-8 

40 

113-8 

887-1  108 

154-9 

526-8 

91-9 

202-4  688-1 

79-6 

316-21075-2 

62-6 
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The  htdraxtlic  ram  has  been  applied  with  adyantage 
in  raising  water  to  a  considerable  height  by  the 
momentum  of  a  larger  quantity  at  a  lower  level.  The 
shock  of  the  valves,  and  vibration  of  the  machine, 
require  heavy  and  strong  setting,  and  considerable 
strength  in  all  the  parts.  This  limits  its  application, 
and  prevents  its  use  for  raising  large  quantities  of 
water.  The  work  done  by  the  ram,  in  over  one 
thousand  experiments  by  Eytelwein,  did  not  exceed  in 
any  of  them  1480  lbs.  raised  one  foot  in  one  minute ; 
and  in  France,  the  ram  put  up  by  the  younger  Mont- 
golfier,  said  to  be  the  largest  constructed,  raised  only 
7400  lbs.  one  foot  high  per  minute,  and  had  a  useful 
effect,  it  is  reported,  of  *65.  This  ram  was  put  up 
at  Mello,  near  Clermont-sur-Oise.  Its  dimensions 
were — 

Length  of  the  body  pipe  or  injection  pipe .  108  feet 

Diameter 4-3  inches. 

Weight  of  body  pipe 8190  Ibo. 

Weight  of  head 440  lbs. 

Contents  of  air-chamber 1}  gallons. 

This  ram  worked  under  a  head  of  87  feet,  discharging 
in  use  81^  gallons  each  minute,  and  raising  8*85 
gallons  a  height  of  195  feet. 

The  largest  ram  employed  by  Eytelwein  in  his  ex- 
periments had  the  following  dimensions- 
Length  of  the  body  pipe  or  iigection  pipe .    43  feet  9  inchest 

Diameter  of  ditto 0  feet  2(  inches. 

Contents  of  air-chamber  ....      1*94  gallons. 
Area  of  tail  or  escape  valve  .        ...      3*74  square  inches. 
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and  his  experiments  led  to  the  following  practical  for- 
mula by  D'Aubuisson — 

Fa  =  1-42  -  -28  V^  : 

in  which  d  is  the  water  used  per  minute  in  gallons,  d 
the  quantity  raised  in  gallons,  h  the  head  used,  and  h' 
the  lift  of  the  quantity  d.    By  a  slight  reduction  we 

get  

dh!  =  1-42  D  (A  -  -28  V  h  h') 
for  the  effect  produced,  which  is  reduced  nearly  one- 
sixth  for  practical  application,  giving  the  formula 

dh'  =  1-2  D  (ft  -  -2  VTX') 
for  the  work  done. 

EXPERIMENTAL  RESULTS — HYDRAULIC  RAM. 


3 

Height  in  feet  of 

Ratio  of 
heights. 

Gallons  of  water 
per  minute. 

Ratio 

dk' 
Dh 

Ratios 

1^ 

Is. 

IV5 

Pall 
h 

JEleTation 

Ex- 
pended 

Raised 
d 

Experi- 
ments. 

Por- 
mula. 

1 
1 
1 

Pt    In. 

Pt 

In. 

1  66 

lO'    0" 

26' 

4- 

2-68 

10-65 

8-39 

-9 

•97 

2-92 

:  54 

10     2 

82 

4 

3  18 

13-97 

3-83 

•873 

•92 

3-67 

50 

9  11 

88 

8 

8-9 

12-01 

2-622 

-85 

•87 

4-58 

52 

8     0 

82 

4 

4- 

8-16 

1-687 

-847 

•85 

4-72 

45 

8     9 

88 

8 

4-4 

10-85 

2-09 

-845 

•84 

5-2 

42 

7     5 

88 

8 

5-21 

9-92 

1-5 

•787 

•78 

6-62 

;  36 

6     0 

88 

8 

6-5 

8-89 

1-05 

•754 

-71 

8-62 

•  26 

4    6i 

82 

4 

7-2 

6-23 

•495 

•672 

-67 

10-7 

i  ^^ 

5    0 

88 

7 

77 

8-05 

-704 

•667 

•65 

11-54 

1  28 

4    1 

88 

8 

9-47 

11-11 

-649 

•548 

•56 

17-2 

.  17 

3    0 

82 

2 

10-7 

10-8 

•479 

•478 

-51 

22-6 

'  15 

3    3 

88 

8 

11-9 

12-84 

•363 

•352 

-45 

38-8 

14 

2    6 

88 

8 

15-5 

11-95 

•22 

•284 

-32 

54-6 

10 

1  Hi 

88 

8 

19-3 

9-81 

•088 

•181 

•18 

106-6 

Eytelwein  recommends,  that  the  length  of  the  body 
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pipe  should  not  be  less  than  three-fourths  of  the  height 
to  which  the  water  is  to  be  raised ;  its  diameter  in 

inches  equal  *58  V  d  ;  the  diameter  of  the  rising  pipe 

'8  V  D  ;  and  the  contents  of  the  air-chamber  equal  to 
that  of  the  rising  pipe.  If  d  be  in  cube  feet,  then 
diameter,  in  inches,  of  the  body-pipe  may  be  taken 

=  1*6  n/^  and  that  of  the  rising  pipe  =  '75  V  d. 

The  following  table  gives  the  result  of  experiments 
made  by  Montgolfier  and  his  son : — 

TABLE  OF  EXPEBIMENTAL  RESULTS — HTDRAULIC  RAM. 


Height 

Water  per  Minute. 

dh' 
Dh 

Mean 

Ratio 

dV 

Dh 

FaU 

h 

h 

Expended 
D 

Delivered 
d 

Ft.      In. 
8'      6" 

Ft.    In. 
62'    8" 

GftUonB. 
15 

Oallona. 
1-87 

•67 

•  •  « 

37       2 

195    0 

31 

3-85 

-658 

»  •  « 

34      9 

111  11 

18-5 

374 

•651 

•65 

3       3 

14  11 

437 

59-18 

•629 

*  a  • 

22     10 

196  10 

2-86 

0-22 

■671 

«  «  • 

In  several  experiments  made  by  the  author  in  1866, 
for  the  Directors  of  the  Midland  Great  Western  Bail- 
way,  Ireland,  on  two  rams  at  work  at  the  Broadstone 
Terminus,  Dublin,  where  the  lifts  varied  from  22  to 
24  feet,  the  ratio  of  the  effect  to  the  power  varied  from 
'4  to  *84 ;  the  latter  effect  having  been  got  with  a  fall 
of  8  feet,  a  lift  of  22  feet,  and  95  beats  in  a  minute. 
An  effect  of  *395  was  got  with  a  fall  of  14  feet,  a  lift  of 
24  feet,  and  45  beats  in  a  minute. 

Latterly,  the  Messrs.  Easton  and  Amos  have  patentee! 
improvements  in  this  machine,  and  have  raised  water 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS,  435 

to  a  height  of  880  feet.  The  injection  pipe  is  laid  by 
them  at  an  inclination  of  about  one  in  four  for  high  falls, 
and  varies  down  to  one  in  eighteen  for  smaller  falls. 
The  quantities  raised  in  their  practice  vary  up  to  six 
gallons  per  minute. 

Water-pressure  engines  give  a  useful  effect,  vary- 
ing np  to  70  per  cent,  for  the  best  constructed.  An 
immense  amount  of  mechanical  skill  and  invention  has 
been  brought  to  bear  on  their  construction,  and  in 
Weisbach's  book*  a  useful  effect  of  88  per  cent,  has 
been  calculated;  this  is,  however,  a  result  seldom 
obtained  in  practice,  where  two-thirds,  or  66  per  cent., 
is  nearer  to  the  general  efficiency.  Jordan  got  a 
maximum  efficiency  of  *66  from  one  of  the  Clausthal 
engines,  making  four  strokes  per  minute,  and  '71 
making  three  strokes  per  minute.  These  results  were 
for  the  combined  engine  and  pumps,  from  which  it  was 
calculated  that  the  efficiency  of  the  engine  alone  was, 
in  the  first  case  *88,  and  in  the  second  '85.  It 
would  be  a  great  mistake  to  calculate  on  such  high 
efficiencies. 

Corn  mills  will  grind  about  a  bushel  of  com  per 
horse-power  per  hour,  but  much  depends  on  the  state 
of  the  stones  and  of  the  grain.  The  value  of  the 
work  done  in  an  hour  being  once  known,  the  value 
of  the  standard  horse-power  can  be  determined 
accordingly. 

•  VoL  ii.,  p.  342. 
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TABLE  I.—Co^fcunit  qf  Duekarge  from  Square  and  differently  proportioned 
SeetanffularXateral  Or\fieee  in  thin  Vertieal  Flaie$t  arranjfedfrom  Ponedet  ati 
Leabroe. 


Heads  of  water  mea- 
sured to  the  upper 
sides  of  the  orifices,  in 
English  inches. 

Ratio  of  the  head 

to  the 

length  of  the  orifice. 

Square  orifice 

Elatioof  theisides] 
Itol. 

orifice  8"''x  4". 

Eiatio  of  the  sides 

2tol. 

Rectangular 

orifice  8"  X  2". 

Ratio  of  &e  sides 

4tol. 

Heads  taken 
back  from  the 

orifice. 

Heikda  taken 
at 
the  orifice. 

Heads  taken 

back  fVom  the 

orifice. 

Heads  taken 
at 
the  orifice. 

Hoods  taken 

back  from  the 

orifice. 

Heads  taken 

at 
the  orifice. 

0*000 

•619 

» 

•667 

•713 

0-197 

-025 

•697 

•680 

-668 

0-394 

-060 

•696 

•618 

•607 

•642 

0-591 

•075 

•694 

•693 

•615 

•612 

-689 

0-787 

-100 

-572 

•594 

•596 

•614 

•615 

•638 

1-181 

•150 

•578 

•693 

•600 

•618 

-620 

•637 

1-575 

•200 

-582 

•598» 

•608 

•612 

•623 

•686 

1-969 

-250 

-685 

•593 

•606 

•612* 

•625 

-686 

2-362 

•800 

-687 

•594 

•607 

•618 

•627 

•635 

2-756 

•350 

-688 

•594 

•609 

•613 

•628 

•686 

1      8150 

-400 

-689 

•694 

•610 

•618 

■629 

-685 

,      8-546 

•460 

•691 

•695 

•610 

•614 

•629 

•634 

8-937 

•500 

•592 

•596 

•611 

•614 

•630 

•684 

4-724 

•600 

•698 

•696 

•612 

•614 

•680 

•688 

5-512 

•700 

•695 

•597 

•613 

•614 

•630 

•682 

6-299 

•800 

•596 

•697 

•614 

•615 

•631» 

■631 

7-087 

•900 

•597 

•698 

•616 

•615 

•630 

•681 

7-874 

1-000 

•598 

•699 

•616 

•615 

•680 

•680 

9-848 

1250 

•599 

•600 

•616 

•616 

•680 

•680 

11-811 

1-500 

•600 

•601 

•616 

•616 

•629 

•629 

15-748 

2-000 

•602 

•602 

•617 

•617 

•628 

-629 

19-686 

2-600 

•603 

•603 

•617* 

•617* 

•628 

•628 

23-622 

3-000 

•604 

•604 

•617 

•617 

•627 

•627 

27-560 

8-500 

•604 

-604 

•616 

•616 

•627 

•627 

81-497 

4-000 

•605 

•605 

•616 

•616 

•627 

•627 

85-434 

4-500 

•605' 

•605* 

•615 

•615 

•526 

•626 

89-371 

6-000 

•605 

•605 

•616 

•615 

•626 

•626 

43-807 

5-500 

•604 

•604 

•614 

•614 

•625 

•625 

47-245 

6-000 

•604 

•604 

•614 

•614 

'624 

•624 

51-182 

6-500 

•603 

•603 

•618 

•618 

•622 

•622 

55-119 

7-000 

•603 

•603 

•612 

•612 

•621 

-621 

59-056 

7-500 

•602 

•602 

•611 

•611 

•620 

•620 

62-993 

8-000 

-.602 

•602 

•611 

•611 

•618 

•618 

66-930 

8-500 

•602 

•602 

•610 

•610 

•617 

•617 

70-867 

9-000 

•601 

•601 

•609 

•609 

•616 

•615 

74-805 

9-500 

•601 

•601 

•608 

-608 

•614 

•614 

78-742 

10-000 

•601 

•601 

•607 

•607 

•618 

•614 

118-112 

15^000     ^601 

•601 

•603 

•603 

•606 

•606 

*  See  pages  00,  61,  and  62. 
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BLE  I.^OoiffMenU  af  Bitehane  from  Sqttan  and  diferenily  pfoporliontd 
BeetangitlarlMUral  OryUn  «» thin  VertieaL  PlaU§,  arranged  from  PoneeUt  and 
l0eabroB. 


Rectangular 

Rectangular 
orifice  8'0<  0  8". 

Rectangular 

eads  of  water  mea- 
sured to  the  upper 
des  of  the  orifices  in 
English  inches. 

orifices' 

'Xll8". 

orifice  8"  xO  •4". 

^ 

EUtio  of  the  sides 

Ratio  of  the  sides !  Ratioof  the  sides 

atio  of  the  head  \ 

the  length 

of  the  orifice. 

7tol 

nearly . 

10  to] 

I. 

20tol. 

aads  taken 
k  from  the 
orifice. 

1  ' 

eada  taken 
:k  from  the 
orifice. 

at 
the  orifice. 

Bads  taken 
k  from  the 
orifice. 

Heads  taken 

at 
the  orifice. 

w| 

WJ        II 

«l 

« 

n  -8 

•766 

■783 

•795 

•725 

•750 

'705 

778 

•025 

0-197 

•630 

•687 

•660 

720 

•701 

•762 

•050 

0-394 

•632 

•674 

•660 

707 

•697 

745 

•075 

0-591 

•634 

•668 

•659 

■697 

•694 

•729 

•100 

0-787 

638 

•659 

•659 

•685 

•688 

•708 

•150 

1-181 

•640 

•654 

•658 

•678 

•683 

•695 

•200 

1-575 

•640* 

'651 

•658 

•672 

'679 

•686 

•250 

1-969 

-640 

•647 

•657 

•668 

•676 

•681 

•300 

2-362 

•639 

•645 

'656 

•665 

•673 

•677 

•350 

2-766 

'638 

•643 

•656 

662 

•670 

•675 

•400 

3-150 

•637 

•641 

•655 

•659 

•668 

•672 

•450 

3-543 

•637 

•640 

'654 

•657 

•666 

•669 

•500 

3-937 

•636 

•687 

•658 

•655 

•663 

•665 

•600 

4-724 

•635 

•636 

•651 

653 

•660 

•661 

700 

5-512 

•634 

•635 

•650 

651 

•658 

•659 

•800 

6-299 

*634 

•634 

•649      • 

•650 

•657 

•657 

•900 

7-087 

'633 

•633 

•648       ' 

649 

•655 

•656 

1^000 

7-874 

•632 

•632 

•646      • 

646 

•653 

•653 

1^250 

9-843 

•632 

'632 

•644      ■ 

644 

'650 

•651 

1^500 

11-811 

•631 

•631 

•642      • 

642 

•647 

•647 

2  000 

15-748 

•630 

•630 

•640       ■ 

640 

•644 

•645 

2 '500 

19-685 

•630 

•680 

•638      • 

638 

•642 

•643 

3-000 

23-622 

•629 

•629 

'637       ■ 

637 

•640 

•640 

3-500 

27-560 

•629 

•629 

•636      • 

636 

•637 

•637 

4-000 

31-497 

•628 

•628 

•634 

634 

•635 

•635 

4-500 

35-434 

•628 

•628 

•633      • 

633 

•632 

•632 

5-000 

39-371 

•627 

•627 

•631       • 

631 

•629 

•629 

5-500 

43-307 

•626 

•626 

•628       " 

628 

•626 

•626 

6-000 

47-245 

•624 

•624 

•625      • 

625 

•622 

•622 

6-500 

51-182 

•622 

•622 

•622      • 

622 

•618 

•618 

7-000 

55-119 

•620 

•620 

•619       ■ 

619 

•615 

•615 

7-500 

59-056 

•618 

•618 

•617      • 

617 

•613 

•613 

8-000 

62-993 

•616 

•616 

•615      ■ 

615 

•612 

•612 

8-500 

66-930 

■615 

•615 

•614      • 

614 

•612 

•612 

9-000 

70-867 

•613 

•618 

•612       ■ 

612 

•611 

•611 

9-500 

74-805 

•612 

•612 

•612       • 

612 

•611 

•611 

10-000 

78742 

•603 

•608 

•610       ■ 

610 

•609 

•609 

15-000 

118-112 

*  See  pages  60,  61,  and  62. 
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TABLE  IL—ForJindiMg  Us  VOoeUm  from  the  AtHhtde^  amd  Ike  AJiUmdeg  fiym 
the  rWoniM*.— Altitudes  0  feat  0  ^^  inch  to  0  feet  3}  inches. 


Co^BekotaofTdocttr,  andtbeeomcpoodingTelocttiMof       | 

1 

disehsige  in  inches  per  second. 

=5 

•O-d 

< 

III 

lal 

"1 

t 
0 

Oi^ 

278 

2*71 

2-66 

2*89 

2*27 

2*22 

0 

0^ 

8*48 

8*88 

8*32 

2*99 

2*83 

278 

0 

Sf 

6-95 

6*77 

6-64 

5*98 

6-66 

5-56 

0 

9*829 

9*57 

9*40 

8-45 

801 

7*86 

0 

St 

12*088 

11*72 

11*51 

10*85 

9*81 

9*68 

0 

18-900 

18*54 

13-29 

11*95 

11*88 

1112 

0 

Oh 

15-541 

1514 

14*86 

18*86 

12*67 

12-48 

0 

02 

17-024 

16*58 

16*27 

14*64 

13*87 

18^2 

0 

Oj^ 

18*888 

17*91 

17*58 

15*81 

14*99 

i4*n 

0 

04 

19-658 

19*15 

18*79 

16*91 

16  02 

15*78 

0 

2f 

20-850 

20*31 

19*93 

17*98 

16*99 

16*68 

0 

21-978 

21*41 

2101 

18*90 

17-91 

17*68 

0 

Sf 

28051 

22-45 

22*04 

19*82 

18*79 

18*44 

0 

24-076 

28-45 

2302 

20*70 

19*62 

19*26 

0 

<m 

25-059 

24*41 

24  00 

21*56 

20*42 

20H)5 

0 

01 

26  005 

25*83 

24*86 

22*36 

21*19 

20*80 

0 

oil 

26*917 

26*22 

25  73 

28*15 

21*94 

21*53 

0 

1 

27  800 

27  08 

26-58 

23*91 

22*66 

22-24 

0 

u 

29-486 

28-72 

28-19 

25-36 

24*08 

23*59 

0 

l} 

81  081 

80-27 

29*71 

26*78 

25*88 

24*87 

0 

11 

82-598 

81-75 

81-16 

28  08 

26*57 

26*08 

0 

li 

84  048 

83-19 

32-58 

29-30 

27-75 

27*26 

0 

11 

85*488 

84*52 

88*88 

80*48 

28-88 

28*85 

0 

u 

86  776 

85-82 

35-16 

81*68 

29*97 

29-42 

0 

li 

88  067 

87-08 

36-39 

82*74 

81*02 

30*45 

0 

2 

39*315 

88*29 

37-59 

38*81 

32  04 

81*45 

0 

2t 

40*525 

89*47 

88-74 

84*85 

88-08 

32*42 

0 

It 

41  -700 

40*62 

89-87 

85*86 

88*99 

33-86 

0 

42-843 

41*78 

40-96 

36*84 

34*92 

84*27 

0 

2i 

43*956 

42*81 

42-02 

37*80 

85*82 

35*16 

0 

2i 

45-041 

48*87 

48-06 

38-74 

86*71 

86*08 

0 

21 

46101 

44-90 

44-07 

89-65 

37*57 

36*88 

0 

21 

47-137 

45-90 

45-06 

40-54 

88*42 

37*71 

0 

3 

48161 

46-90 

46-03 

41-41 

89-24 

88-52 

0 

Si 

49-144 

47-87 

46-98 

42-26 

40*05 

89*32 

0 

3i 

50-117 

48-81 

47-91 

48-10 

40*85 

40*09 

0 

81 

61  072 

49-74 

48-82 

48-92 

41*62 

40*86 

0 

8J 

62  009 

50-66 

49-72 

44-73 

42*89 

41-61 

0 

3i 

62-930 

51-65 

50*60 

45-52 

48*14 

42*34 

0 

3J 

63-834 

62-43 

61*47 

46*80 

48-88 

43  07 

0 

3| 

54-725 

53-80 

62*32 

47*06 

44-60 

43*78 
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TABLE  U.—ForAndmg  iU  Vdoeitmfrom  the  AUUudet,  and  the  AUUudMfrom  ike 
FeZoeMOT.— Altitudes  0  feet  0,^  inch  to  0  feet  3}  inches. 


Cbeffidenta  of  ▼elooity,  and  the  oorrespandins  yelocities  of 

X 

!         1 

diflohaiige  in  inchee  per  senond. 

1. 

\'A 

o^ii 

•siii 

• 

•8  lis 

1-i 

^tsi 

8.    Values 

V  =  18  515 
Coefficient 

— J 

9.    Values 
V  =  17-468 
Coefficient 

10.    Values 
V  =  17168 
Coefficient 

12.    Values 

V  =  15  085 

Coefficient  - 

I 

1-95 

1-85 

1-75 

1-72 

1-68 

1-62 

1 
0 

OiM 

2-43 

2-31 

2-18 

2-15 

211 

2-08 

0 

0^ 

4-87 

4-68 

4-36 

4-29 

4-21 

4-06 

0 

6-88 

6-55 

6-17 

6-06 

5-96 

5-74 

0 

8-43 

8-02 

7*56 

7-48 

7-29 

7-03 

0 

^ 

973 

9-26 

8-78 

8-58 

8-42 

812 

0 

10-88 

10-85 

976 

9-59 

9-42 

9-08 

0 

4 

» 

11-92 

11-24 

10-69 

10-50 

10-32 

9-94 

0 

12-87 

12-25 

11-55 

11-35 

11-14 

10-74 

0 

18-76 

12-97 

12-34 

12-13 

11-91 

11-48 

0 

14-60 

18-89 

13-09 

12-86 

12-64 

12-18 

0 

St 

15-38 

14-64 

13-80 

13-56 

13-32 

12-84 

0 

16-14 

15  85 

14-48 

14-22 

18-97 

18-46 

0 

16-85 

16-03 

1512 

14-85 

14-59 

14-06 

0 

17-54 

16-69 

15-74 

15-46 

15-19 

14-63 

0 

18-20 

17-32 

16-38 

16-04 

15-76 

15-09 

0 

18-84 

17-98 

16-90 

16-61 

16-31 

15-72 

0 

9 

OH 

19-46 

18-51 

17-46 

1715 

16-85 

16-24 

0 

20-64 

19-64 

18-52 

18-19 

17-87 

17-22 

0 

i| 

21-76 

20-70 

19-52 

19-18 

18-84 

18  15 

0 

9 

22-82 

21-71 

20-47 

20-11 

19-75 

19-04 

0 

23-85 

22-69 

21-38 

21-01 

20-63 

19-88 

0 

1' 

24-81 

28-60 

22-26 

21-87 

21-48 

2070 

0 

25-74 

24-49 

28-10 

22-69 

22-29 

21-48 

0 

I 

26-65 

25-35 

28-91 

23-49 

28-07 

22-23 

0 

2* 

27-52 

26-18 

24-69 

24-26 

28-82 

22-96 

0 

28-37 

26-99 

25-45 

25-00 

24-50 

23-67 

0 

2| 
2{ 
2| 

29-19 

27-77 

26-19 

25-78 

25-27 

24-35 

0 

29-99 

28-53 

26-91 

26-48 

25-96 

25-02 

0 

30-77 

29-27 

27-60 

27  12 

26-64 

25-67 

0 

2i 

31-53 

80  00 

28-29 

27-79 

27-29 

26-30 

0 

2ft 

32-27 

30-70 

28-95 

28-44 

27-94 

26-92 

0 

2} 

38-00 

31-39 

29-60 

29-08 

28-57 

27-53 

0 

4 

83-71 

8207 

80-24 

2971 

29-18 

28  12 

0 

3* 

34-40 

32-78 

80-86 

80-32 

29-78 

28-70 

0 

H 

85-08 

38-88 

81-47 

80-92 

30-37 

29-27 

0 

4 

85-75 

84  01 

82-07 

81-51 

80-95 

29-88 

0 

sf 

86-41 

34-64 

82-66 

82-09 

31-52 

30-37 

0 

3i 

87  05 

35-25 

83-24 

82-66 

32-08 

80-91 

0 

37-88 

85-85 

33 -81 

83-22 

82-62 

81-44 

0 

S 

88-81 

86*45 

84-37 

8377 

88-16 

81-96 

0 

4iO 


THE  DISCHABOE  OF  WATER  FROM 


TABLE  IL^rbr^ndina  the  rOotAiimfmm  eJU  AUHmdMy  and  the  AUUudetfrom  tkt 

Vsloe&i«».—AlUta6M  0  feet  4  indies  to  1  foot 


in  foot  and 
«■. 

Coeffidents  of  Telodty,  and  the  oormponding  velodties  of       ( 

dudiax^  in  indies  per  second. 

«^ 

• 

o  .«  s 

2-i 

-s-s 

1      ■<'i 

•a  ^  ^i 

Values 
27-077 
dent ' 

Values 
26-677 
dent  - 

5  9 

?8| 

1 

^  1  >^ 

•"1 

II  i 

03    &    O 

•"1 

"1 

«5   »  J 

1         » 

0    A 

55-600 

5415 

53  16 

47-82 

45-31 

44-48 

0    4i 

56-462 

54-99 

63-98 

48-56 

46  02 

45-17 

0     A\ 
0    4 

57-811 

55-82 

64-79 

49-29 

46-71 

45-85 

58-148 

56-64 

65-59 

50-01 

47-39 

46-62 

0    4i 

58-978 

57-44 

66-88 

60-72 

48-06 

47-18 

0    ^Jt 

59-786 

58-28 

57-16 

61-42 

48-78 

47-88 

0    4f 

60-589 

59  01 

57-92 

52-11 

49-88 

48-47 

0    4| 

61-868 

59-77 

58-67 

62-78 

50-02 

49-09 

0    5 

62-163 

60-55 

69-43 

63-46 

50-66 

49-73 

0    5i 

62-935 

61-80 

60  17 

64-12 

51-29 

60-35 

0    64 

68-698 

62  04 

60-90 

64-78 

51-91 

50-96 

0    5} 

64-452 

62-78 

61-62 

55-43 

52-53 

51-66 

0    5^ 

65-197 

63-50 

62-33 

66  07 

5814 

52-16 

0    5i 

65-988 

64-22 

63-03 

56-70 

53-74 

52-76 

0    5f 

66-662 

64-93 

68-73 

67-38 

54-88 

68-33 

0    5} 

67-388 

65-63 

64*42 

67-95 

54-92 

58*91 

0    6 

68-096 

66-88 

65  10 

68-56 

55-60 

64-48 

0    6i 

69-500 

67-69 

66-44 

69-77 

56-64 

65-60 

0    6i 

70-876 

69-08 

67-76 

60-95 

57-24 

56-70 

0    6] 

72-227 

70-85 

69-05 

62-11 

68-86 

67-78 

0    7 

78-562 

71-64 

70-82 

68-25 

59-95 

68-84 

0    7J 

74-854 

72-91 

71-56 

64-87 

61-01 

69-88 

0    7i 

76-133 

74-15 

72-78 

65-47 

62-05 

60-91 

0    7i 

77-892 

75-38 

78-99 

66-56 

68-07 

61-91 

0    8 

78-630 

76-59 

75-17 

67-62 

64-08 

62-90 

0    8i 

79-849 

77-77 

76-34 

68-67 

65-08 

63-88 

0    8i 

81-050 

78-94 

77-48 

69-70 

66-06 

64-84 

0    8} 

82-234 

80-10 

78-62 

7072 

67-02 

65-79 

0    9 

83-40 

81-28 

79-78 

71-72 

67-97 

66-72 

0    9i 

84-550 

82-35 

80-83 

72-71 

68-91 

67-64 

0    9^ 

85-685 

83-46 

81-92 

78-69 

69-83 

68-55 

0    9] 

86-805 

84-55 

82-99 

74-65 

70-75 

69-44 

0  10 

87-911 

85-63 

84-04 

75-60 

71-66 

70-88 

0  lOi 

89-004 

86-69 

85-09 

76-54 

72-54 

71-20 

0  lOi 

90-082 

87-74 

86-12 

77-47 

78-42 

72-07 

0  lOi 

91  148 

88-79 

87-14 

78-89 

74-29 

72-92 

0  11 

92-202 

89-80 

88-15 

79-29 

76-14 

73-76 

0  lli 

93-244 

90-82 

89-14 

80-19 

76-99 

74-59 

0  Hi 

94-274 

91-82 

90-18 

81-08 

76-83 

75-42 

0  111 

95-294 

92-82 

91-10 

81-95 

77-66 

76-28 

1     0 

96-302 

93-80 

92-06 

82-82 

78-49 

77-04 
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TABLE  11,^1^ JlndiM  the  VeloeUietfrom  the  AWiudetf  and  the  AUitude$from  the 
r«2oeaM«.— Altitudes  0  feet  4  inches  to  1  foot. 


Coefficients  of  Telocity,  and  the  corresponding  velocities  of 
discharge  in  inches  per  second. 

Altitudes  h  in  feet 
and  inches. 

7.    Values  of 

e  =  10-46  Al 

Coefficient  '700. 

8.    Values  of 
V  =  18-515  Jk* 
Coefficient  '666. 

9.    Values  of 

V  =  17-458  ** 

Coefficient  '628. 

^   rH   "S 
II   € 

11.    Values  of 

V  =  16-847  ** 

Coefficient  '606. 

12.    Values  of 

V  =  15-936  h^ 

Coefficient  *584. 

88-92 

37*03 

34*92 

34-31 

88-69 

82-47 

0    4 

89*52 

37-60 

35*46 

34'84 

84-22 

82-97 

0    n 

40*12 

38*17 

35*99 

35-36 

84*78 

83-47 

0     4i 

40-70 

88-78 

86*52 

35-88 

85*24 

83-96 

0   '4g 

41-28 

39*28 

37*03 

36 '39 

85-74 

84-44 

0    4^ 

41-86 

89*82 

37-55 

36-89 

36*23 

84-92 

0     4| 

42-41 

40-85 

38-05 

37*38 

86*72 

35-38 

0     4} 

42-96 

40*87 

38-54 

37-86 

3719 

35-84 

0     4i 

43-51 

41-40 

89  04 

38*36 

37*67 

36-30 

0    5 

44  05 

41*91 

89*52 

38*83 

38*14 

86-76 

0     5i 

44*59 

42-42 

40*00 

39*30 

38*60 

37-20 

0    5i 

45  12 

42*92 

40*48 

89*77 

39*06 

87*64 

0    5g 

45-64 

43*42 

40*94 

40*23 

89*51 

38*07 

0    5^ 

46  15 

43*91 

41*41 

40  68 

89*96 

88*51 

0    5i 

46*66 

44*40 

41*86 

41*13 

40*40 

38*93 

0    6} 

47*17 

44*88 

42*32 

41*58 

40*83 

89-85 

0    5i 

47*67 

45*35 

42-76 

42*02 

41*27 

89*77 

0    6 

48*65 

46*29 

43-65 

42*88 

42*12 

40*59 

0    6k 

49*61 

47*20 

44-51 

43 -73 

42-95 

41-89 

0    6^ 

50-56 

48*10 

45*36 

44*66 

43-77 

42-18 

0    6} 

51*49 

48*99 

46  19 

45*38 

44*57 

42-96 

0    7 

52-40 

49-85 

47-01 

46  18 

45*36 

48-71 

0    7J 

53*29 

50*70 

47*81 

46 '97 

46-14 

44-46 

0    7i 

5417 

51*54 

48*60 

47-76 

46*90 

45-20 

0    7J 

55  04 

52-37 

49-88 

48*51 

47-65 

45*92 

0    8 

55-89 

58  18 

50-15 

49-27 

48*39 

46-68 

0    8i 

56-74 

58*98 

50-90 

50-01 

49*12 

47-88 

0    8i 

57*56 

54*77 

51-64 

50*74 

49*88 

48-02 

0    8} 

58-38 

55-54 

62-38 

51*46 

50*54 

48-71 

0    9 

59  19 

56*31 

53  10 

6217 

51*24 

49-38 

0    9i 

59-98 

57-07 

63 '81 

52*87 

51*93 

50-04 

0    9i 

60*76 

57*81 

54'51 

58*56 

52*60 

50-69 

0     9| 

61*54 

58*55 

55*22 

54-24 

53*27 

51-34 

0  10 

62-30 

59-28 

56-89 

54*92 

63*94 

51-98 

0  lOJ 

63*06 

60  00 

56-67 

&6'68 

64*59 

52-61 

0  lOi 

68-80 

60*70 

67-24 

66 '24 

56-24 

53-23 

0  10} 

64-54 

61*41 

67-90 

56 '89 

55*87 

53*86 

0  11 

65*27 

62*10 

58-56 

57-53 

56*51 

54*45 

0  lU 

65*99 

62*79 

59-70 

58*17 

5718 

65*06 

0  Hi 

66*71 

63*47 

59-84 

68-80 

57-75 

56*66 

0  llj 

67*41 

64*14 

60-43 

69-42 

68-36 

66-24 

1     0 
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TABLE  ir—Far^mdiMg  tit  VeUfeUieifrom  ike  AUUudeB,  and  fke  JiUUmdm/nm  the 
reJonfiM.— Altitudes  1  foot  0}  inch  to  6  feet  8  inches. 


1  .    1 

OoeffieientB  of  Teloeity,  and  the  oorreepondlnfl:  velocities  of       1 

Altitudes  k  in  feel 
and  inches. 

diaehaige  in  incbes  per  second. 

-I  II 1  ? 

2.    Values  of 

«  =  27-077  Ai 

Coefficient  974. 

8.    Values  of 

0  a  26-577  *» 

Coefficient  956. 

4.    Values  of 

«  =  23-908  h\ 

Coefficient  '860. 

II  f 

6.    Values  of 

V  =  22  24  Al 

Coefficient  '800. 

1     Oi 

98-288 

95-73 

98-96 

84-63 

80-10 

78-63 

1     1 

100-234 

97-63 

95-82 

86-20 

81-69 

8019 

1    14 

102144 

99-49 

97-65 

87-84 

88-26 

81*71 

1     2 

104-018 

101-81 

99-44 

89-46 

84-77 

88*21 

1     24 

105-859 

108-11 

101-20 

91-04 

86-28 

84*69 

1     3 

107-669 

104-87 

102-93 

92-60 

87-76 

8614 

1     34 

109-449 

106-60 

104-68 

94-13 

89*20 

87*66 

1     4 

111-200 

108-81 

106-31 

95-63 

90*63 

88-96 

1    44 

112-924 

109-99 

107-96 

9711 

92-03 

90-34 

1     5 

114-622 

111-42 

109-68 

98-68 

93-42 

91*70 

1     64 

116-296 

113-27 

111  18 

100-01 

94-78 

98*04 

1    6 

117-945 

114-78 

112-76 

101-48 

96-18 

94*36 

1    7 

121  177 

118-03 

116-86 

104-21 

98-76 

96-94 

1    8 

124-325 

12109 

118-86 

106-92 

101-38 

99-46 

1    9 

127-396 

124-08 

121-79 

109-66 

103-88 

101-92 

1  10 

130-394 

127-00 

124-66 

112-14 

106*27 

104-31 

1  11 

133-324 

129-86 

127*46 

114-66 

108-66 

106*66 

2    0 

136-192 

132-65 

130-20 

117-12 

111-00 

108-95 

2    14 

140-383 

136-78 

134-21 

120-73 

114-41 

112-81 

2    3 

144-453 

140-70 

138-10 

124-28 

117-78 

116-56 

2    44 

148-411 

144-55 

141-88 

127-64 

120-96 

118-78 

2    6 

152-267 

148-31 

146-67 

180-96 

124-10 

121-81 

2    74 

156-027 

161-97 

149-16 

134-18 

127-16 

124-82 

2    9 

159-699 

165-55 

152-67 

137-84 

130-16 

127*76 

2  104 

163-288 

159-04 

166-10 

140-43 

188-80 

180-63 

3    0 

166-800 

162-46 

169-46 

143-45 

136-94 

183-44 

3     14 

170-240 

165-81 

162-76 

146-41 

138-76 

136*19 

3    3 

173-611 

16910 

165-97 

149-31 

141-49 

138-89 

3     44 

176-918 

172-32 

169-18 

152-16 

14419 

141-58 

3    6 

180-165 

176-48 

172-24 

164-94 

146-83 

144*18 

3     74 

183-354 

178-59 

175 -29 

157-68 

149-43 

146-68 

3    9 

186-488 

181-64 

178-28 

160-38 

161-99 

149*19 

3  104 

189-571 

184-64 

181-23 

163-03 

164-60 

151-66 

4    0 

192-604 

187-60 

184-18 

165-64 

156-97 

164-08 

4    2 

196-576 

191-46 

187-93 

169  06 

160-21 

167*26 

4     4 

200-469 

196-26 

191  -65 

172-40 

163-88 

160-87 

4     6 

204-287 

198-98 

196-80 

175-69 

166-49 

168-48 

4     8 

208-036 

202-63 

198-88 

178-91 

169-65 

166*48 

4  10 

211-718 

206-21 

202-40 

182-08 

172-65 

169-87 

6    0 

215-338 

209-74 

205-86 

185-19 

176-50 

172-27 

5     3 

220-656 

214-92 

210-95 

189-76 

179-83 

176-62 
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TABLE  II.-^F^Jinamg  ike  reloeUinfnm  ike  AUUudee,  and  ike  AUiiudeefrom  ike 
Fe2oetfte».— Altitudes  1  foot  01  inch  to  5  feet  8  inches. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of 
discharge  in  inches  per  second. 


"s-  8 

V  -^  <i 

•»•«  ^ 

i    ®^  ? 

o  •«  2 

o  -«  P 

S  s  -»* 

82^ 

SS4. 

9  T  a 

II  ^ 

a  ^  a 

g2| 

2-1 

11  ^ 

•^'1 

II      O 

OJ    p| 

68-80 

65-46 

61-72 

70-16 

66-76 

62-95 

71-50 

68-03 

64-15 

72-81 

69-28 

65-32 

7410 

70-50 

66-48 

75-87 

71-71 

67-62 

76-61 

72-89 

68-73 

77-84 

74-06 

69-83 

79-05 

75-21 

70-92 

80-24 

76-34 

71-98 

81-41 

77  45 

7303 

82-56 

78-55 

74-07 

84-82 

80-70 

76-10 

87-03 

82-80 

78-08 

89-18 

84-85 

80-00 

91-28 

86-84 

81-89 

93-33 

88-79 

88-73 

95-33 

90-70 

85-53 

98-27 

98-50 

8816 

101-12 

96-21 

90-72 

103-89 

98-84 

98-20 

106-59 

101-41 

95-62 

109-22 

108-91 

97-99 

11179 

106-86 

100-29 

114-30 

108-75 

102-54 

116-76 

11109 

104-75 

119-17 

113-38 

106-91 

121-58 

115-62 

109-03 

123-84 

117-83 

111-10 

126-12 

119-99 

118-14 

128-35 

12211 

115-15 

130-54 

124-20 

117-11 

132-70 

126-25 

119-05 

134-82 

128-27 

120-96 

137-60 

130-92 

128-45 

140-88 

138-51 

125-89 

14300 

186-06 

128-29 

145-63 

138-55 

130-65 

148-20 

141-00 

132-96 

150-74 

143-42 

135-23 

154-46 

146-96 

138-57 

'  "1 
S  ^6 


o 

7i 


60-64 

61*84 

68-02 

64-18 

65-82 

66-43 

67-53 

68-61 

69-67 

70-72 

71-75 

72-77 

74-77 

76-71 

78-60 

80-45 

82-26 

84-03 

86-62 

89-13 

91-57 

93-95 

96-27 

98-58 

100-75 

102-92 

105-04 

107  12 

109-16 

111-16 

118-13 

11506 

116-97 

118-84 

121-29 

128-69 

126-05 

128-36 

130-68 

132-86 

136-14 


II  ® 


59-56 

60-74 

61-90 

63-08 

64-15 

65*25 

66-38 

67*34 

68-43 

69-46 

70-48 

71-47 

73-48 

75-84 

77-20 

79-02 

80-79 

82-58 

85-07 

87-54 

89-94 

92-27 

94-55 

96-78 

98-95 

101-08 

103-17 

105-21 

107-21 

109-18 

111-11 

118-01 

114-88 

116-72 

119-12 

121  -48 

128-80 

126-07 

128-80 

130-49 

133-72 


■s-:!? 


?i«> 


II  e 
S 


57*40 

58-54 

59-65 

60*75 

61*82 

62*88 

68-92 

64*94 

65-95 

66-94 

67*92 

68-88 

70-77 

72-61 

74-40 

76-15 

77-86 

79*54 

81*98 

84-86 

86-67 

88-92 

91*12 

93*26 

95-36 

97*41 

99*42 

101*89 

108-32 

105*22 

107-08 

108-91 

110-71 

112-48 

114-80 

117-07 

119-30 

121  -49 

128-64 

125-76 

128-86 


i 

8.3 
tJ-d 


2 
2 
2 


4 
4 


II 

1 

li 
2 

2J 
8 


4 

44 
5 

6 

7 

8 

9 

10 

11 

2    0 

2    li 


8 

4i 
6 


2  7i 

2  9 

2  lOi 
8  0 
8  li 
8  8 
8  4i 

3  6 

8  n 

8  9 

8  lOi 

4  0 
4  2 
4  4 


6 
8 


4  10 

5  0 
5    8 


444 


THE  DISCHABGE  OF  WATER  FROM 


TABLE  IL—T^Jinding  the  VeUieUiafrom  t\t  AUiiudM,  and  the  AUiludafrom  the 
KetoctfiM.— Altitudes  5  feet  6  inches  to  17  feet. 


1 i 

Coefficients  of  velocity,  and  the  corresponding  velocities  of       | 

1  in  feet 

)b08. 

discharge  in  inches  per  aeoond. 

1 

^^si 

%-S 

^-si 

•s-fti 

o3S 

Altitudes  i 
andinc 

8^  ■SI 

-•  II 1  ? 

2.    Values 

r  =  27  077 

Coefficient ' 

8.    Values 

V  =  26-677 

Coefficient ' 

"1 
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II  ^ 
«  *5 

^  II  f 

5    i 

225-848 

219-98 

215-91 

194-23 

184*07 

180*68 

5    9 

230-924 

224-92 

220-76 

198*69 

188-20 

184-74 

6    0 

285-891 

229-76 

225-61 

202-87 

192-25 

188*71 

«    3 

240756 

234-60 

230-16 

207-05 

196-22 

192-60 

6    6 

245-524 

239-14 

234-72 

211-16 

200-10 

196-42 

6    9 

250-200 

243-69 

239-19 

216-17 

208-91 

200-16 

7    0 

254-791 

248  17 

243-68 

219-12 

207-65 

203-83 

7    8 

259-301 

252-56 

247-89 

222-99 

211-33 

207-44 

7    6 

263-784 

256-88 

262-13 

226-81 

214-94 

210-99 

7    9 

268-093 

261  12 

266-80 

230-66 

218-50 

214-47 

8    0 

272-383 

265-30 

260-40 

234*25 

221-99 

217*91 

8    3 

276-607 

269-41 

264-44 

237-88 

225-43 

221-29 

8    6 

280-766 

273-47 

268-41 

241-46 

228-82 

224*61 

8    9 

284*865 

277-46 

272-83 

244-98 

282-17 

227*89 

1 

9    0 

288-906 

281-89 

27619 

248-46 

236-46 

231  12  • 

9    3 

292-897 

285-28 

280-00 

261-89 

238*71 

284*31 

9    6 

296-823 

289-11 

283-76 

256-27 

241*91 

237*46 

9    9 

300-703 

292-88 

287-47 

268-60 

245-07 

240*56 

10    0 

304-534 

296-62 

291-13 

261-90 

248-19 

243-63 

10    3 

308-317 

300-80 

294-76 

265-15 

251-28 

245-65 

10    6 

312-054 

803-94 

297-82 

268-37 

254-32 

249-64 

10    9 

315-747 

307-54 

301-85 

271-54 

257-33 

292-60 

11     0 

319-398 

811-09 

806-34 

274-68 

260-31 

265-62 

11     3 

323-007 

314-61 

308-79 

277-79 

262*25 

258-41  ' 

11    6 

326-676 

318-09 

312-21 

280-86 

266-16 

261*26 

11     9 

830-107 

321-62 

316-58 

283-89 

269-04 

264*09 

12    0 

338-600 

324-93 

318-92 

286-90 

271-88 

266-88 

12    3 

337-067 

828*29 

822-23 

289-87 

274-70 

269*65 

12    6 

340-479 

331-63 

325-50 

292-81 

277*49 

272*38  . 

12    9 

343-867 

384-93 

828-74 

295-73 

280*25 

275*09  ' 

13    0 

347-222 

338-19 

331-94 

298*61 

282*99 

277*78 

13    3 

360-645 

341-43 

33512 

301-47 

286*69 

280*44  . 

13    6 

363-836 

344-64 

838-27 

304-30 

288*38 

283*07 

13    9 

357-097 

347-81 

341-39 

307*10 

291*03 

285*68 

14    0 

360-329 

360-96 

344-47 

309-88 

293*67 

288*26 

14    6 

366-707 

367-17 

350-67 

315-37 

298*87 

293*87 

16    0 

372-976 

363-28 

866-67 

320-76 

303*98 

298*88 

15     6 

379141 

369-28 

362-46 

326*06 

309-00 

303-31 

16     0 

385-208 

37519 

368-26 

331-28 

313-94 

308  17 

16     6 

391  181 

381  01 

373-97 

336-42 

318-81 

312-94  , 

17    0 

397-063 

386-74 

379-50 

341-47 

823-61 

817-65  ! 

ORIFICES,    WEIRS,  PIPES,  AND  RIVERS, 
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TABLE  IL—Rrnndina  the  VeUxntiafrom  the  AUUudee,  and  the  AUUudeefnm  the 
VctocttiM.— Altitudes  5  feet  6  inches  to  17  feet. 


Coelficients  of  velocity,  and  the  oorresponding  velocities  of 

discharge  in  inches  per  second. 
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163-52 
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169-69 
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183-14 
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216-95 

212-17 
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214-24 
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13    0 

245-88 

238-46 

220-14 

216-29 

212-43 

204-72 

18    3 

247-69 

285-65 

222-21 

218-32 

214-42 

206-64 

13    6 

249-97 

287-88 

224-26 

220-33 

216-40 

208-54 

13    9 

252-23 

239-98 

226-29 

222-32 

218*36 

210-43 

14    0 

256-70 

24i-23 

230-29 

226-26 

222-22 

214-16 

14    6 

26108 

248-40 

234-23 

23013 

.  226-02 

217-82 

15    0 

265*40 

252-51 

238  10 

233-93 

229-76 

221-42 

15    6 

269-65 

256-55 

241  -91 

237-67 

233-44 

224-96 

16    0 

278  83 

260-58 

245-66 

241-36 

237-06 

228-45 

16    6 

277-94 

264-44 

249-36 

244-99 

240-62 

231-89 

17    0 
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THE  DISCHARGE  OP  WATER  FROM 


TABLE  IL-^IbrJMUma  tkt  VelceiHafrom  iU  AUUttdM,  ami  the  AUUude$from  fir 
F«2oei^— Altitudes  17  feet  6  Indies  to  40  feet 


1          1 

Goef&dento  of  Telocity,  sad  the  conesponding  Telocitiee  of 

Altitudes  k  in  feet 
and  inches. 

discharge  in  inches  per  second. 

Itfll 

"5 
III 

II  G 

y 

II  f 
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Pi 
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17  6 

402*860 

392-39 

38513 

346-46 

328-33 

322-29 

18  0 

408-575 

397-95 

390-60 

851-37 

332-99 

326-86 

18  6 

414-211 

403-44 

395*99 

356-22 

337-58 

331-37 

19  0 

419772 

408*86 

401-30 

36100 

34211 

335-82 

19  « 

425-258 

414-20 

406-55 

365-72 

346-59 

840-21 

20  0 

430-676 

419-48 

411-73 

370-38 

861  00 

344*54 

20  6 

436  026 

424-69 

416-84 

874-98 

355-36 

348-82 

21  0 

441-311 

429-84 

421-89 

879-53 

369-59 

353-05 

21  6 

446-534 

434-92 

426-89 

384  02 

363-93 

857-23 

22  0 

451  -697 

439-95 

431-82 

388-46 

36818 

861-36 

22  6 

456-801 

444-92 

486-70 

392-85 

372-29 

365-44 

23  0 

461-848 

449-84 

441-53 

397-19 

376-41 

369-48 

23  6 

466-841 

450-70 

446-80 

401-48 

380-48 

373-47 

24  0 

471-782 

459-52 

451*02 

405-73 

384-50 

377-43 

24  6 

476-671 

464-28 

465-70 

409*94 

388-49 

381-34 

25  0 

481-510 

468-99 

460-32 

414-10 

392-48 

886 -21 

25  6 

486-301 

473-66 

464-90 

418-22 

396-34 

389-04 

26  0 

491  -046 

478-28 

469-44 

422-30 

400*20 

392-84 

26  6 

495-745 

482-86 

473-93 

426-34 

404  03 

396-60 

27  0 

500-400 

487-89 

478-38 

430-34 

407*83 

400-82 

27  6 

505-012 

491  -88 

482-79 

434-31 

411-58 

404  01 

28  0 

509-582 

496-33 

487-16 

438*24 

415*31 

407-67 

28  6 

514-112 

500-76 

491-49 

442-14 

419*00 

411-29 

29  0 

518-602 

506  12 

496-78 

446-00 

422-66 

414-88 

29  6 

523  054 

609-46 

600-04 

449-83 

426*29 

418-44 

30  0 

527-468 

513-75 

504-26 

453-62 

429*89 

421  -97 

30  6 

531-845 

518-02 

608-44 

457-31 

433*45 

425-48 

81  0 

536  187 

522-25 

512-59 

461-12 

436*99 

428-95 

31  6 

540-494 

626-44 

516-71 

464-82 

440-50 

482-40 

32  0 

544-767 

530-60 

620-80 

468-50 

443*98 

435-81 

32  6 

649-006 

634-73 

524-85 

472-15 

447-44 

439-20 

S3  0 

553-213 

538-83 

528-87 

476-76 

450*87 

442-57 

83  6 

557-388 

542-90 

632-86 

479-35 

464-27 

445-91 

34  0 

561  -532 

646-93 

536-83 

482-92 

457-65 

449-23 

34  6 

565-646 

650-94 

540-76 

486-46 

46100 

452-52 

35  0 

569-730 

654-92 

544*66 

489-97 

464-33 

455-78 

36  0 

677-812 

562-79 

662*39 

496-92 

470-92 

462-25 

37  0 

586-782 

670-65 

560-01 

503-77 

477-41 

468-63 

38  0 

593-646 

578-21 

667*53 

610-54 

483-82 

474*92 

39  0 

601-406 

686-77 

574-94 

517-21 

490-15 

481-12 

40  0 

609  067 

693-23 

582-27 

523-80 

496*89 

487-25 

ORIFICES,    WEIRS,  PIPES,  AND  RIVERS, 
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TABLE  n.^nor finding  ike  VeloeUieifnm  ike  AUUudee,  and  tke  AUUndeefrom  ike 

F«<oetft«.— AltltadflS  17  feet  6  inohee  to  40  feet 


Ooeffldonte  of  velodty,  and  the  oorresponding  velodtiee  of 

»^ 

dlflobarge  in  inches  per  second. 
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oS  »  S 
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282-00 

268-30 

253-00 

248*56 

244-34 

235-27 

17    6 

286-00 

272-11 

256-59 

252*09 

247-60 

238-61 

18    0 

289-95 

275-86 

260-12 

255-57 

251  -01 

241-90 

18    6 

293*84 

279-57 

263-32 

269  00 

254*38 

24514 

19    0 

297*68 

283*22 

267-06 

262-38 

257*71 

248-85 

19    6 

301*47 

286-83 

270-46 

266-73 

260*99 

251-51 

20    0 

305-22 

290-39 

278-82 

269-03 

264*23 

254-64 

20    6 

308*92 

293*91 

277-08 

272-23 

267*37 

257-67 

21     0 

312*57 

297*89 

280-42 

275-51 

270-60 

260-78 

21     6 

816*19 

300-83 

288-67 

278-70 

273-73 

263-79 

22    0 

319*76 

304*23 

286-87 

281-85 

276-82 

266-77 

22    6 

323*29 

307*59 

290-04 

284-96 

279-88 

269-72 

23    0 

326*79 

310*92 

293  18 

288-04 

282-91 

272-64 

23    6 

330*25 

314*21 

296-28 

291  -09 

285-90 

275-62 

24    0 

383*67 

317*46 

299-35 

294-11 

288-86 

278-38 

24    6 

337  06 

820*69 

302-39 

297*09 

291  -80 

281-20 

25    0 

840-41 

823*88 

305-40 

300-05 

294-70 

284-00 

25    6 

343*73 

327*04 

308-88 

302-98 

297-57 

286-77 

26    0 

347*02 

380-17 

811-33 

305-87 

300-42 

289-52 

26    6 

350-28 

838-13 

314-25 

308-75 

303-24 

292-23 

27    0 

353*51 

336-34 

31715 

311-59 

806-04 

294-93 

27    6 

856*71 

339-38 

320-02 

314-41 

308-81 

297-60 

28    0 

359-88 
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322-86 

317-20 

811-55 

300-24 

28    6 
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314-27 

302-86 
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348-35 

828-48 

322*72 
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308-04 
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372*29 
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328-15 

322-30 

310*60 

30    6 

875-33 

357-10 

336-73 

380-83 

324-93 

313*13 

31    0 

378-35 

359-97 

389-43 

333*48 

327-54 

315-60 

31    6 

381-34 

362  81 

342-11 

336-12 

330  13 

318*14 

32    0 

384-30 

865*64 

344-78 

338-74 

832-70 

320*62 

32    6 

887 -25 

368-44 

847-42 

341-33 

335-25 

323-08 

33    0 

89017 

371-22 

85004 

848-01 

337-78 

325-51 

33    6 

393*07 

373-98 

352-64 

846-47 

340*29 

327*93 

34    0 

895-95 

876-72 

355-23 

349-00 

342*78 

330-34 

34    6 

898-81 

379-44 

357-79 

351  -62 

345-26 

332-72 

35    0 

404-47 

384-82 

362-87 

356*61 

350*15 

337-44 

36    0 

410-05 

390-13 

367*87 

361-43 

354  98 

342-10 

37    0 

415-55 

395-37 

872-81 

366-28 

359-75 

346-69 

38    0 

420-98 

400-54 

377-68 

371-11 

364-45 

351-22 

89    0 

426-35 

1 

405-64 

382-49 

375-79 

369  09 

355-70 

40    0 
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THE  DISCHARGE  OP  WATER  PROM 


TABLE  IIL— Square  Bcotifar  Jlndmff  Us  ^eei»  qf  the  VeloeUf  qf 
the  OryUse  w  emaU  in  pnpartio*  to  the  Read,    AJeoforJbtdtMg  the  L 
DiedMye/rom  an  Increaee  of  Head.     (See  pp.  01  to  M). 


then 
imtU 


No. 

1 

Square 
root. 

No. 

Square 
root 

No. 

Square 
root 

No. 

Square 
root 

1000 

10000 

1-115 

1-0559  ' 

1-475 

1-2141 

1-976 

1  -4053 

1001 

1  -0005 

1-120 

1-0583  I 

1-49 

1-2207 

1-99 

1  -4107 

1002 

10010 

1125 

1-0607  1 

1-5 

1  -2247 

200 

1-4142 

1004 

1  -0020 

118 

1-0630  . 

1*51 

1-2288 

201 

1-4177 

1005 

1  0025 

1136 

10654  1 

1-525 

1-2349 

2-025 

1-4230 

1006 

1-0080 

1-14 

1  0677 

1-54 

1-2410 

204 

1-4283 

1008 

1-0040 

1-145 

1-0700 

1-55 

1-2450 

1  205 

1-4318 

1009 

1-0044 

1-15 

1-0723 

1-56 

1  -2490 

'  2  06 

1-4863 

1010 

1  -0050 

1155 

10747 

1-575 

1  -2550 

!  2-076 

1-4405 

1011 

1-0055 

116 

1-0770 

1-58 

1-2570 

2-09 

1-4457 

1012 

1  -0060 

1-165 

1-0794 

1-59 

1  -2610 

1  210 

1-4491 

1014 

1  -0070 

117 

1-0817 

1-6 

1-2649 

;  211 

1-4526 

1015 

1  -0075 

1-175 

1-0840 

1-61 

1-2689 

,  2125 

1-4677 

1016 

1  0080 

118 

1-0863 

1-625 

1-2748 

1  21 4 

1-4629 

1018 

1-0090 

1185 

1-0886 

1-64 

1-2806 

216 

1-4668 

1019 

1  -0095 

119 

10909 

1-65 

1-2845 

2-16 

1-4697 

1020 

1-0100 

1-195 

1  -0932  1 

1-66 

1-2884 

2176 

1-4748 

1  0225 

1-0112 

1-2 

1-0954 

1-675 

1-2942 

219 

1-4799 

1-025 

10124 

1-21 

1-1000 

1-69 

1-3000 

2-2 

1-4832 

1-0275 

1-0187 

1-22 

1-1045 

1-7 

1-3038 

2-21 

1*4866 

103 

1*0149 

1-28 

1-1091 

1-71 

1  -3077 

,  2-225 

1-4916 

1-0325 

10161 

1-24 

11186 

1-725 

1-3134 

1  2-24 

1-4967 

1-035 

10174 

1-25 

1-1180 

1-74 

1-3191 

1  2-25 

1-6000 

1  0375 

1  0186 

1-26 

1-1225 

1-75 

1  -8229 

j  2-26 

1-6088 

104 

1  -0198 

1-27 

11269 

1-76 

1  -3267 

1  2-276 

1-5088 

1-0425 

1-0210 

1-28 

11814 

1-776 

1  •8328 

2-29 

1-5138 

1045 

1-0223 

1-29 

1-1858 

1-79 

1  -3379 

2-3 

1-5166 

1-0475 

10235 

1-30 

1-1402 

1-80 

18416 

2-81 

1-6199 

1-05 

10247 

1-31 

1-1446 

1-81 

1-3454 

2-826 

1*6248 

1065 

1-0271 

1-325 

11511 

1-825 

1-8509 

2-34 

1-6297 

1-06 

1  0296 

1-34 

11576 

1-84 

1  -3565 

1  2  •36 

1*6330 

1-065 

1-0320 

1-35 

1-1619 

1-85 

1.8601 

2.36 

1-6362 

107 

1-0844 

1-36 

1-1662 

1-86 

1-8688 

2-375 

1*6411 

1-075 

1  -0368 

1-375 

1-1726 

1-875 

1-8698 

2-39 

1*6460 

1-08 

1  -0392 

1-39 

1-1790 

1-89 

1-8748 

2-4 

1*6492 

1-086 

1  -0416 

1-40 

1-1832 

1-9 

1-8784 

2-41 

1*6624 

1-09 

1-0440 

1-41 

1-1874 

1-91 

1-8820 

'  2-425 

1*6572 

1-095 

1  0464 

1-425 

1-1937 

1-926 

1-8875 

2-44 

1*6621 

11 

1-0488 

1-44 

1-2000 

1-94 

1-3928 

:  2-45 

1*6662 

1-105 

10512 

1-45 

1-2042 

1-95 

1-8964 

2-46 

1*5684 

1110 

10586 

1-46 

1-2088 

1-96 

1-4000 

2-476 

1*5737 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  III.-~8quar9  Boatt  for  finding  tht  ^ecU  qf  the  Veloeiis  qf  Approach  w\tn 
tks  Orifice  M  tmall  in  proportion  to  the  Head.  Al$o  for  finding  the  ineroate  in  the 
Bitehttirgefrom  an  inerea$e  qfSead.     (Bee  pp.  91  to  99.) 


No. 

BquAre 
root 

No. 

SquAre 
root. 

No. 

Square 
root 

No. 

Square 
root 

2*49 

1-6780 

3-0000 

1*7321 

4-6 

2-1213 

26 

6-0990 

2-6 

1-6811 

3*025 

1*7393 

5-0 

2-2361 

27 

6-1962 

2-61 

1-6843 

3*05 

1*7464 

6*5 

2-3462 

28 

6-2915 

2-525 

1-5890 

3-076 

1  -7636 

6  0 

2-4495 

29 

5-3862 

2*54 

1-5987 

3-1 

1-7607 

6-6 

2-5496 

30 

6-4772 

2-55 

1-6969 

3126 

1*7678 

7-0 

2-6468 

31 

5-6678 

2-56 

1-6000 

3*16 

1*7748 

7-5 

2-7386 

32 

5-6569 

2-575 

1-6047 

3-176 

1*7819 

8-0 

2-8284 

33 

5*7446 

2-59 

1-6093 

3-2 

1*7889 

8*5 

2-9156 

34 

6-8310 

2-6 

1-6126 

3-225 

1*7958 

9-0 

3-0000 

36 

6-9161 

2-61 

1-6166 

3-26 

1-8028 

9-5 

3*0822 

36 

6-0000 

2-625 

1-6202 

3-275 

1*8097 

10-0 

3-1623 

37 

6-0828 

2-64 

1  -6248 

3-3 

1*8166 

10-5 

2-2404 

38 

6-1644 

2  65 

1-6279 

3-325 

1-8235 

11-0 

3-3166 

39 

6-2460 

2-66 

1-6310 

3-35 

1-8303 

11*5 

8*3912 

40 

6*3246 

2-675 

1-6355 

3-376 

1*8371 

12*0 

3*4641 

41 

6-4031 

2-69 

1-6401 

3-4 

1-8439 

12*5 

3-6366 

42 

6-4807 

2-7 

1-6432 

3*425 

1-8507 

13*0 

3-6056 

48 

6-6674 

2-71 

1*6462 

3*46 

1-8674 

18*5 

3-6742 

44 

6-6332 

2-725 

1-6508 

3-475 

1-8641 

14*0 

3-7417 

46 

6-7082 

2-74 

1  -6653 

3-5 

1-8708 

14-5 

3-8079 

46 

6-7823 

2-75 

1-6583 

3-525 

1-8775 

16-0 

3-8730 

47 

6-8667 

2-76 

1*6618 

3-66 

1-8841 

15*5 

3-9370 

48 

6-9282 

2-775 

1-6658 

3-676 

1-8908 

16-0 

4-0000 

49 

7*0000 

2-79 

1*6703 

3-6 

1-8974 

16-6 

4-0620 

60 

7*0711 

2-8 

1*6783 

3*625 

1  -9039 

17*0 

4-1231 

51 

7*1414 

2-81 

1-6763 

3*65 

1*9106 

17*6 

41833 

52 

7*2111 

2-826 

1*6808 

3*676 

1-9170 

18*0 

4-2426 

63 

7*2810 

2-84 

1*6862 

3-7 

1*9236 

18*6 

4-3012 

64 

7*3485 

2-85 

1*6882 

3-726 

1-9300 

19-0 

4-3689 

65 

7*4162 

2-86 

1*6912 

3*75 

1-9365 

19-5 

4-4159 

66 

7-4833 

2-876 

1*6966 

3*775 

1-9429 

20*0 

4-4721 

57 

7-5498 

2-89 

1*7000 

3*8 

1-9494 

20-5 

4-5277 

68 

7*6168 

2-9 

1*7029 

3*825 

1*9668 

210 

4-6826 

59 

7*6811 

2-91 

1*7059 

3*85 

1-9621 

21*5 

4*6368 

60 

7*7460 

2-925 

1*7103 

3-875 

1*9685 

22*0 

4-6904 

61 

7*8102 

2-94 

1*7146 

3*9 

1*9748 

22*5 

4*7434 

62 

7*8740 

2-95 

1*7176 

3*925 

1-9812 

23*0 

4*7958 

68 

7*9873 

2-96 

1*7205 

8*96 

1-9875 

23-5 

4*8477 

64 

8*0000 

2-975 

1*7248 

3*975 

1*9988 

24*0 

4*8990 

66 

8  0623 

2-99 

17292 

4*0 

2-0000 

25  0 

5*0000 

66 

8-1240 

oa 
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THE  DISCHARGE  OP  WATER  FROM 


TABLS  lU.^Squan  Boot$for  finding  ike  ^eeU  qf  the  VeheUy  qf 
the  Orifiee  i$  email  in  proportion  to  the  Head,  AUoforJhuHMff  the 
Dieehargefrom  an  Inereaee  of  Head.     (See  pp.  91  to  90). 


when 
iMthe 


No. 

Square 
root. 

No. 

Square 
n)ot    < 

1 
1 

No. 

Square 
root 

No. 

Square 
root. 

1000 

1-0000 

1-115 

1-0559  ' 

1-475 

1-2141 

1-975 

1-4058 

1001 

1  -0006 

1-120 

1-0583 

1-49 

1-2207 

1-99 

1-4107 

1002 

1-0010 

1-125 

1-0607 

1-5 

1-2247 

2-00 

1-4142 

I  004 

1-0020 

1-13 

1-0630 

1-51 

1-2288 

2  01 

1-4177 

1006 

1-0025 

1-136 

1-0654 

1-625 

1-2349 

2-025 

1-4230 

1006 

1-0030 

114 

1  -0677 

1-54 

1-2410 

204 

1-4283 

1008 

1-0040 

1146 

1-0700 

1-56 

1-2460 

2-05 

1-4318 

1009 

1-0044 

1-15 

10723 

1-56 

1-2490 

'  206 

1-4853 

1010 

1  0050 

1155 

1-0747 

1-675 

1  -2550 

2-075 

1-4405 

1011 

1-0055 

116 

1-0770 

1-58 

1-2670 

2-09 

1-4467 

1012 

1-0060 

1-165 

1-0794 

1-59 

1-2610 

2-10 

1-4491 

1014 

1  -0070 

1-17 

1-0817 

1-6 

1-2649 

211 

1-4526 

1015 

1-0075 

1-176 

1-0840 

1-61 

1  -2689 

2-125 

1-4577 

1016 

1-0080 

1-18 

1-0868 

1-625 

1-2748 

214 

1-4629 

1-018 

1-0090 

1-185 

1-0886 

1-64 

1-2806 

,  2-15 

1-4668 

1019 

10096 

119 

1-0909 

1-65 

1-2846 

2-16 

1-4697 

1-020 

1-0100 

1-195 

1-0932 

1-66 

1-2884 

2-175 

1-4748 

10225 

1-0112 

1-2 

1-0954 

1-675 

1  -2942 

219 

1-4799 

1-025 

1-0124 

1-21 

1-1000 

1-69 

1-3000 

2-2 

1-4832 

1-0275 

1-0187 

1-22 

11045 

1-7 

1-3038 

2-21 

1  -4866 

1-03 

10149 

1-23 

1-1091 

1-71 

1  -3077 

2-225 

1-4916 

1-0325 

1-0161 

1-24 

1-1136 

1-725 

1-3134 

2-24 

1-4967 

1-035 

1-0174 

1-25 

1-1180 

1-74 

1-8191 

2-25 

1-6000 

10875 

10186 

1-26 

11225 

1-75 

1-8229 

2-26 

1-5033 

104 

1-0198 

1-27 

1-1269 

1-76 

1  -8267 

2-275 

1-5083 

10425 

1-0210 

1-28 

11814 

1-775 

1-3328 

2-29 

1-6183 

1-045 

1-0228 

1-29 

1-1868 

1-79 

1  -3379 

2-3 

1-6166 

1-0475 

10235 

1-30 

1-1402 

1-80 

1-3416 

2-31 

1-6199 

1-06 

10247 

1-31 

1-1446 

1-81 

1-3454 

2-325 

1-6248 

1-055 

1-0271 

1-325 

1-1611 

1-825 

1-3509 

2-34 

1-6297 

1-06 

1-0296 

1-34 

1-1576 

1-84 

1-3565 

2-35 

1-6830 

1-065 

1  -0320 

1-36 

1-1619 

1-85 

1.3601 

2.36 

1-5362 

1-07 

10844 

1-36 

11662 

1-86 

1-3638 

2-376 

1-6411 

1-075 

1-0368 

1-376 

11726 

1-875 

1-3693 

2-39 

1-6460 

1-08 

1-0392 

1-39 

1-1790 

1-89 

1-3748 

2-4 

1-5492 

1-085 

1-0416 

1-40 

1-1882 

a -9 

1-3784 

2-41 

1-5524 

1-09 

1-0440 

1-41 

1-1874 

1-91 

1-8820 

1  2-425 

1-6572 

1-095 

1  -0464 

1-425 

1-1937 

1-925 

1-3875 

2-44 

1-6621 

1-1 

1-0488 

1-44 

1-2000 

1-94 

1-3928 

,  2-45 

1-6652 

1105 

1-0612 

1-46 

1-2042 

1-96 

1-8964 

2-46 

1-6684 

1110 

10636 

1-46 

1-2083 

1-96 

1-4000 

2-475 

1-5787 

ORIFICES,  WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  Ill.-^Sqman  SoaU  for  frnding  iU  ^eeU  qf  ike  Veloeity  qf  Approach  when 
the  Or^tee  ie  ewuM  in  proportion  to  the  Head.  Alto  for fm/iing  the  uieroaee  in  the 
Diadkargefrom  on  veeteem  ofHeoA.     (Boo  pp.  91  to  99.) 


No. 

Square 
root 

No. 

Square 
root 

No. 

Square 
root. 

No. 

Square 
root 

2*49 

1-5780 

80000 

1*7321 

4*5 

21213 

26 

6-0990 

2-5 

1*5811 

3*025 

1-7398 

5*0 

2-2361 

27 

5-1962 

2-61 

1-5843 

3-05 

1*7464 

5*5 

2-3452 

28 

5-2915 

2-526 

1  -5890 

3-075 

1*7536 

6*0 

2-4495 

29 

6-3862 

2-54 

1-6987 

3-1 

1*7607 

6*5 

2-5496 

30 

5-4772 

2-55 

1*6969 

3*125 

1*7678 

7  0 

2-6458 

31 

5-6678 

2-56 

1  -6000 

3*16 

1*7748 

7*5 

2-7386 

32 

6-6569 

2-676 

1-6047 

3*176 

1*7819 

8-0 

2-8284 

33 

5-7446 

2-69 

1-6093 

3*2 

1-7889 

8-5 

2-9155 

34 

6-8810 

2-6 

1*6126 

3-225 

1*7968 

9-0 

3-0000 

36 

6*9161 

2-61 

1-6156 

3-26 

1-8028 

9-5 

3*0822 

36 

6-0000 

2*625 

1*6202 

3-275 

1*8097 

10-0 

3-1623 

37 

6-0828 

2-64 

1  -6248 

3-3 

1-8166 

10-6 

2-2404 

38 

6  1644 

2-65 

1-6279 

3-325 

1-8235 

11*0 

3-3166 

39 

6-2460 

2-66 

1-6310 

3-35 

1  -8303 

11-6 

3-3912 

40 

6-3246 

2*675 

1-6366 

3*375 

1-8371 

12-0 

3-4641 

41 

6-4031 

2*69 

1-6401 

3*4 

1-8439 

12*5 

3-5355 

42 

6*4807 

2*7 

1-6482 

3*425 

1-8507 

130 

3-6056 

43 

6*6574 

2*71 

1-6462 

3*45 

1-8574 

13*5 

3-6742 

44 

6-6332 

2*725 

1*6508 

3*475 

1-8641 

140 

3-7417 

46 

6*7082 

2-74 

1  *6558 

3*5 

1-8708 

14-6 

3-8079 

46 

6*7823 

2-75 

1  6583 

3*625 

1-8775 

150 

3-8730 

47 

6*8667 

2*76 

1*6613 

3*65 

1  -8841 

16-6 

3-9370 

48 

6*9282 

2-775 

1*6668 

3-675 

1-8908 

16  0 

4  0000 

49 

7*0000 

2-79 

1*6703 

3-6 

1-8974 

16*6 

4-0620 

60 

7*0711 

2-8 

1*6733 

3*625 

1-9039 

17  0 

4-1231 

61 

71414 

2-81 

1*6763 

3-65 

1  -9106 

17*6 

4-1833 

62 

7*2111 

2-825 

1*6808 

3*675 

1-9170 

18  0 

4-2426 

63 

7*2810 

2-84 

1-6862 

3*7 

1-9236 

18*5 

4-3012 

64 

7-3485 

2-85 

1*6882 

3*725 

1-9300 

19-0 

4-3589 

65 

7-4162 

2-86 

1-6912 

3*75 

1-9365 

19-6 

4-4169 

66 

7*4833 

2-875 

1*6966 

3*776 

1-9429 

20*0 

4-4721 

67 

7*5498 

2-89 

1*7000 

3*8 

1-9494 

20*6 

4-6277 

68 

7*6168 

2-9 

1*7029 

3*825 

1*9558 

21*0 

4*5826 

69 

7-6811 

2-91 

1*7059 

3*85 

1*9621 

21*5 

4*6368 

60 

7*7460 

2*925 

1*7103 

3*875 

1*9686 

22  0 

4-6904 

61 

7-8102 

2-94 

1*7146 

3*9 

1*9748 

22-5 

4-7434 

62 

7*8740 

2-95 

1*7176 

3*926 

1*9812 

28  0 

4-7958 

68 

7*9373 

2*96 

1*7205 

8*95 

1*9876 

23*5 

4-8477 

64 

8  0000 

2*975 

1-7248 

3-975 

1*9938 

24-0 

4-8990 

65 

8*0623 

2*99 

1-7292 

40 

2-0000 

26*0 

6-0000 

66 

8*1240 

oo 
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TABLE  ir.-^Btr  Jlndimff  the  2)i$dkiuye  tirwiffh  JUetangklar  Or^eu:  im  which 

»=  -^    AUoforJimdmgihe^eettt^ihs  VOoeU^  tfApprtxnAto  Wein,aMdtJif 
Depr^nmom  on  the  Ore$L    (See  pp.  91  to  M.) 


1+11. 

nl 

a  +  ii)f 

(l+«)*-»*- 

1+11. 

.«. 

a +»)**• 

a+«A-«v 

1000 

-0000 

l^OOOO 

l^OOOO 

1-115 

•0390 

1-1774 

11384 

1001 

•0000 

1^0015 

1-0015 

1-120 

•0416 

1-1858 

11437 

1-002 

-0001 

1^0030 

1-0029 

1-125 

•0442 

1-1982 

11491 

1004 

-0008 

10060 

1-0058 

113 

•0469 

1-2012 

1-1548 

1005 

-0004 

10075 

1-0072 

1-135 

•0496 

1-2092 

1-1596 

1-006 

-0005 

10090 

1-0086 

1-14 

•0524 

1-2172 

1-1648 

1-008 

•0007 

1-0120 

10118 

1-145 

•0552 

1  -2251 

11700 

1-009 

•0009 

10135 

1-0127 

115 

•0581 

1-2382 

11751 

1010 

-0010 

1-0150 

1-0140 

1-155 

-0610 

1-2418 

11808 

1-011 

•0012 

1-0165 

1  ^0154 

1-16 

-0640 

1-2494 

1  -1854 

1-012 

-0013 

1-0181 

1  ^0167 

1-165 

-0670 

1-2574 

1-1904 

1-014 

-0017 

1-0211 

10194 

1-17 

•0701 

1  -2655 

1-1955 

1015 

•0018 

1-0226 

1-0207 

1-175 

•0732 

1^737 

1-2005 

1016 

•0020 

1-0241 

1-0221 

118 

-0764 

1-2818 

1-2054 

1-018  . 

•0024 

1  0271 

10247 

1-185 

•0796 

1-2900 

1-2104 

1-019 

•0026 

10286 

1-0260 

1-19 

•0828 

1  -2981 

1-2153 

1-020 

•0028 

10301 

1-0273 

1-195 

•0861 

1-3063 

1-2202 

1-0225 

•0084 

1-0339 

1-0806 

1-2 

•0894 

13145 

1-2-251 

1-025 

•0040 

10377 

1-0338 

1-21 

•0962 

1  -3810 

1-2348 

1-0275 

-0046 

1-0415 

1-0370 

1-22 

•1082 

1-8475 

1*2443 

103 

•0052 

1-0453 

1-0401 

1-28 

•1103 

1  -8641 

1-2588 

10325 

•0059 

1-0491 

1-0433 

1-24 

•1176 

1-8808 

1-2682 

1-035 

•0065 

1-0530 

1-0464 

1-25 

•1250 

1  -3976 

1-2725 

1  -0375 

-0073 

1-0568 

1-0495 

1-26 

•1326 

1-4143 

1-2818 

1-04 

-0080 

1-0606 

1-0526 

1-27 

•1403 

1-4312 

1-2909 

1-0425 

•0088 

1-0644 

10557 

1-28 

•1482 

1-4482 

1-8000 

1-045 

•0095 

1-0683 

1-0587 

1-29 

•1562 

1-4662 

1-8090 

10475 

•0104 

1-0721 

1-0617 

1-30 

•1643 

1-4822 

1-8179 

1-05 

-0112 

10759 

1-0648 

1-81 

•1726 

1-4994 

1-3268 

1-055 

-0129 

1-0836 

1-0707 

1-825 

•1853 

1-5252 

1-8899 

106 

-0147 

10913 

1-0766 

1-84 

^1983 

1-5512 

1-8529 

1-065 

-0166 

1-0991 

1-0825 

1-85 

•2071 

1-5686 

1-8615 

107 

-0185 

1-1068 

1-0883 

1-36 

•2160 

1-5860 

1-3700 

1-075 

-0205 

1-1146 

1-0940 

1-376 

•2296 

1-6123 

1-3827 

1*08 

•0226 

1-1224 

1-0997 

1-39 

-2486 

1-6388 

18952 

1-085 

•0248 

1-1302 

1-1054 

1-40 

•2530 

1-6565 

1-4085 

1-09 

•0270 

1  1380 

1-1110 

1-41 

•2625 

1  -6743 

1  -4118 

1-095 

•0298 

1  -1458 

11166 

1-425 

-2771 

1-7011 

1  -4240 

1-1 

•0316 

1  -1537 

1-1221 

1-44 

-2919 

1-7280 

1-4861 

1-105 

•0340 

11616 

1-1276 

1-45 

-3019 

1-7460 

1-4442 

1-110 

•0865 

11695 

1-1330 

1-46 

•8120 

1-7641 

1  -4521 

Taluae  of  u  from  0  to  *46. 
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TABLE  IVr-JE^  finding  the  DUekarge  through  JUetangular  Orifieet;  in  vhieh 
n=\  Alto  for  finding  the  ^eeU  qf  the  VeloeUg  qf  Approach  to  Weirt,  4re. 
(Bee  pp.  91  to  99.)  


1  +«. 


•* 


1-476 

1-49 

1-5 

1-51 

1-526 

1-64 

1-55 

1-56 

1-575 

1-58 

1-59 

1-6 

1-61 

1-625 

1-64 

1-65 

1-66 

1-675 

1-69 

1-7 

1-71 

1-725 

1-74 

1-75 

1-76 

1-775 

1-79 

1-80 

1-81 

1-825 

1-84 

1-85 

1-86 

1-875 

1-89 

1-9 

1-91 

1-925 

1-94 

1-95 

1-96 


-3274 
-3480 
-8536 
-3642 
-3804 
•3968 
-4079 
-4191 
•4360 
•4417 
•4532 
•4648 
-4764 
-4941 
•5120 
•5240 
•5362 
•5546 
•6732 
•5857 
•5983 
•6173 
•6366 
•6495 
•6626 
•6823 
•7022 
•7155 
•7290 
•7493 
•7699 
•7837 
•7975 
•8185 
•8396 
•8588 
•8681 
•8896 
•9114 
•9259 
•9406 


a+«)' 


17914 
1^8188 
1^8871 
1^8555 
1^8832 
19111 
1  9297 
1^9484 
1^9766 

1  ^9860 
2-0049 

2  0239 
2^0429 
2  0715 
2-1002 
21195 
2-1388 
2-1678 
2-1970 
2-2165 
2-2361 
2-2656 
2-2952 
2-3150 
2-3349 
2-3648 
23949 
2-4150 
2*4351 
2-4654 
2-4959 
2-5163 
2-5367 
2-5674 
2-5983 
2-6190 
2-6397 
2-6709 
2-7021 
2-7230 
2^7440 


(1  +»)*—«»*. 


1-5028 


4640 
4758 
4836 
4913 


5143 
5218 
5294 
5406 
5443 
5517 
5591 
5664 
5774 
5882 
5954 
6026 
6132 
6238 
6309 
6379 
6483 
6586 
6655 
6724 
6826 
6927 
6994 
7061 
7161 
7260 
7326 
7392 
7490 
7587 
7652 
7716 
7813 
7907 
7971 
8034 


1  +  ». 

J. 

(l+«)*. 

1-975 

•9627 

2-7756 

1^99 

•9850 

2-8072 

2- 

1  -0000 

2-8284 

201 

1-0150 

2-8497 

2  026 

1-0877 

2-8816 

204 

1-0606 

2-9137 

2  05 

1-0769 

29852 

206 

10913 

2^9567 

2  075 

1^1146 

29890 

2-09 

11380 

3-0215 

210 

11587 

30432 

2^11 

11695 

3  0660 

2  125 

1  1932 

3^0977 

214 

r2172 

3  1306 

215 

12382 

3  1526 

2  16 

1^2494 

31745 

2175 

1  2737 

3-2077 

2  19 

1  ^2981 

3  2409 

2-2 

1-3145 

8  2681 

2-21 

1  -3810 

82854 

2  225 

1  3558 

8 -3189 

2  24 

1^3808 

8  •3525 

225 

1^3976 

8  3750 

2-26 

14143 

3  3975 

2-275 

1-4397 

34314 

2-29 

1  -4652 

3  4654 

2-3 

1-4822 

3^4881 

2-31 

1-4994 

3-6109 

2-325 

1  5252 

3-5461 

2-34 

1  6512 

3 -5795 

2-35 

1  •5686 

8-6025 

2-36 

1^5860 

3  6266 

2  •376 

1-6123 

36601 

2-89 

1  -6888 

8  6948 

2-4 

1^6666 

8-7181 

2-41 

1-6748 

8-7413 

2-426 

1  -7011 

3  •7763 

2-44 

1  -7280 

3^8114 

2  45 

1  -7460 

3  8349 

2  46 

1  -7641 

8  8584 

2-475 

1-7914 

8  •8987 

18128 
1  ^8222 
1^8284 
18346 
1  -8439 
1^8531 
1^8592 
1^8658 
1-8744 
1  •8835 
1  •8895 
18956 
1-9045 
1^9134 
19193 
1  9252 
1  ^9340 
1  -9428 
19486 
1  9644 
1  ^9631 
1^9717 

1  9775 
1^9832 
1^9917 
2^0002 

2  0059 
2^0115 
2  0200 
2^0284 
2*0339 
2  0896 
2-0478 
2-0561 
2-0616 
2-0670 
2-0752 
2-0834 
2-0888 
2-0942 
2^1023 


Vftiuei  of  «  from  '475  to  1*475 


[Coniimued  on 

O  O  2 


paffe. 
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TABLE  V.^Co^ffleitni»  of  Dhekarye  for  D^fertmt  BoHm  </  tU  CkoMmH  to  tJke 
(Mice.— Coofficients  for  Heads  in  still  water  '550  and  -573^  See  equations 
(44)  and  (44a)  and  the  obaerrattontf  thereon  at  p.  99. 


Coef&dent  -550  for  heada  in  still         Coefficient  -578  for  beada  in  still      j 

water. 

walec                          1 

Ratio 

Ratio  of  the|CoeiBcienta 

t 

of  the 

Coefficients  Ratio  of  the 

Coefficients 

Coeffidenta 

■hann«)l 

height  due 
to  tne  Telo- 

for orifices : 

for  weirs  :     height  due 
the  heads    to  the  Telo- 

for  orifices : 

fur  weirs: 

to  the 

the  heads 

thehewls 

the  heads 

orifloe. 

city  of  ap- 

measured 

measured     city  of  ap- 
the  full        proach  u> 

measured 

measured 

proach  to 

to  the 

to  the 

thefuU 

the  head 

centrm. 

depth.        the  head 

centres. 

depth. 

r,o- 

•000 

•550 

•560 

000 

•678 

•673 

20- 

•001 

•550 

•651 

001 

•578 

•674 

15- 

•001 

•550 

•661 

•001 

•678 

•674 

10- 

•008 

•561 

•552 

008 

•574 

•576 

9- 

•004 

•551 

•663 

-004 

•574 

•576 

8- 

•005 

•551 

•564 

•006 

•674 

•677 

.    7- 

•006 

•552 

•656 

•007 

•575 

•678 

,    6- 

•008 

•552 

•557 

-009 

•676 

•680 

.    6-5 

•010 

•553 

•558 

•Oil 

•576 

•682 

.    50 

•012 

•658 

•559 

018 

•577 

•684 

1    4-5 

•015 

•554 

•562 

•016 

•678 

•686 

4-0 

•019 

•555 

•665 

•021 

•579 

•589 

1    875 

•022 

•566 

•666 

-024 

•680 

•592 

3-50 

•025 

•557 

•669 

028 

•581 

•694 

1    8-25 

•029 

•658 

•572 

•082 

•582 

•698 

,    80 

•035 

•659 

•675 

•088 

•584 

•602 

,    2-76 

•042 

•561 

•680 

•046 

•586 

•607 

1    2-50 

•051 

'564 

•586 

•056 

•689 

•614 

,    2-25 

•0(>4 

•567 

•694 

•069 

•698 

•623 

2  00 

•082 

•572 

•606 

089 

•698 

•636 

t    1-95 

■086 

•573 

•609 

•094 

•699 

•689 

1    1-90 

•091 

•576 

•612 

•100 

•601 

'648 

1-85 

•097 

•576 

•616 

•106 

•608 

•647 

1-80 

■103 

•578 

•619 

•118 

•604 

•651 

1-76 

•110 

•579 

•628 

•120 

•606 

•656 

1-70 

•117 

•581 

•627 

•128 

•609 

•660 

1-66 

•125 

•588 

•632 

187 

•611 

•666 

1-60 

•134 

•586 

•637 

•147 

•614 

•671 

1-65 

•144 

•588 

•643 

•168 

•617 

•678 

1-60 

•155 

•591 

•649 

•171 

•620 

•685 

1-46 

•168 

•594 

•656 

-185 

-624 

•694 

1-40 

•183 

-598 

■664 

-201 

•628 

•703 

1-35 

•199 

•602 

•678 

•220 

•688 

718 

1-30 

•218 

•607 

•688 

241 

•688 

•724 

1-25 

•240 

•612 

•695 

266 

•645 

787 

1-20 

•265 

•619 

•707 

295 

•662 

•758 

1-15 

•297 

•626 

•723 

380 

•661 

-770 

;    110 

•333 

•635 

•741 

372 

•671 

•791 

'    105 

•378 

•646 

•762 

424 

■684 

•816 

1    1-00 

1 

•434 

•659 

•787 

489 

•699 

•845 

See  the  auxiliary  tables,  pp.  104, 106,  and  111. 
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TABL^  TV.-^J\or  finding  ike  Disekargt  tknfugh  Beetangnlar  Orifiea;  m  whidi 

»  —  J.    Mto  forjlnding  ike  effect*  qf  ike  Veloeify  qf  Approach  to  Weirit  ^. 
(Bee  ppi  91  to  99.) 


1+11. 
4-5 

A 

a+«)*- 

(l+jiA-»V 

l+ji. 
'26- 

A 

(1  +  «)V 

(l+«)i_nV 

6-5479 

9-5459 

2-9980 

125-0000 

132-5745 

7-5745 

6  0 

8-0000 

11-1803 

3-1808 

27- 

182-5745 

140-2961 

7-7216 

5-5 

9-5459 

12-8986 

3-8527 

28- 

140-2961 

1481621 

7-8660 

6-0 

11  1803 

14-6969 

3-5166 

29- 

148-1621 

156-1698 

8-0077 

6-5 

12-8986 

16-5718 

3-6782 

30- 

166-1698 

164-3168 

8-1470 

7-0 

14-6969 

18-5203 

3-8234 

31- 

164-3168 

172-6007 

•8-2839 

7-5 

16-5718 

20-5396 

3-9678 

32- 

172-6007 

181-0193 

8-4186 

8-0 

18-5203 

22-6274 

4-1071 

33- 

181  -0193 

189-5706 

8-5513 

8-6 

20-5396 

24-7815 

4-2419 

34- 

189-5706 

198-2524 

8-6818 

9  0 

22-6274 

27-0000 

4-3726 

35- 

198-2524 

207-0628 

8-8104 

9-5 

24-7815 

29-2810 

4-4995 

36- 

207-0628 

216-0000 

8-9372 

10-0 

27-0000 

31  -6228 

4-6228 

37- 

216-0000 

225-0622 

9-0622 

10-5 

29-2810 

34-0239 

4-7429 

38- 

225-0622 

234-2477 

9-1855 

110 

31-6228 

36-4829 

4-8601 

39- 

234-2477 

243-5549 

9-3072 

11-6 

34-0289 

38-9984 

4-9745 

40- 

243-5549 

252-9822 

9-4273 

12-0 

36-4829 

41-5692 

5-0863 

41- 

252*9822 

262-5281 

9-5459 

12-5 

38-9984 

44-1942 

5-1958 

42- 

262-5281 

2721911 

9-6630 

180 

41-5692 

46-8722 

5-3030 

43- 

272-1911 

281-9699 

9-7788 

18-6 

44-1942 

49-6022 

5-4080 

44- 

281-9699 

291-8630 

9-8931 

140 

46-8722 

52-3832 

5-5110 

45- 

291-8630 

801-8692 

10-0062 

14-5 

49-6022 

55-2144 

5-6122 

46- 

301-8692 

311-9872 

101180 

15-0 

52-3832 

58-0947 

5-7115 

47- 

311-9872 

322-2158 

10-2286 

15-5 

55-2144 

61-0236 

5-8092 

48- 

322-2158 

332-5538 

10-3380 

16-0 

58-0947 

64- 

5-9053 

49- 

332-5538 

343-0000 

10-4462 

16-6 

61-0236 

67-0247 

60011 

50- 

343-0000 

353-5534 

10-5534 

170 

64- 

70-0928 

6-0928 

51- 

353-5534 

364-2128 

10-6594 

17-6 

67-0247 

73-2078 

6  1831 

52- 

364-2128 

374-9773 

10-7645 

180 

70  0928 

76-3675 

6-2747 

53- 

374-9773 

385-8458 

10-8685 

18-5 

73-2078 

79-5715 

6-3637 

64- 

385-8458 

396-8173 

10-9716 

190 

76-3675 

82-8191 

6-4516 

55- 

396-8173 

407-8909 

11-0736 

19-5 

79-5715 

86-1097 

6-5382 

56- 

407-8909 

419-0656 

11  1747 

20-0 

82*8191 

89-4427 

6-6236 

57- 

419-0656 

430-3406 

11-2750 

20-5 

86-1097 

92-8177 

6-7080 

58- 

430-3406 

441-7148 

11-3742 

21-0 

89-4427 

96-2341 

6-7914 

59- 

441-7148 

453-1876 

11-4728 

21-5 

92-8177 

99-6914 

6-8737 

60- 

453-1876 

464-7580 

11-5704 

22  0 

96-2341 

103-1892 

6-9551 

61- 

464-7580 

476-4252 

11-6672 

22-5 

99-6914 

106-7269 

7-0355 

62- 

476-4252 

488-1885 

11-7633 

23- 

1031892 

110-3041 

7-1149 

63- 

488-1885 

500  0470 

11-8585 

28-5 

106-7269 

113-9205 

7-1936 

64- 

500-0470 

512-0000 

11-9530 

24- 

110-3041 

117-5755 

7-2714 

65- 

512-0000 

524-0468 

12-0468 

26- 

117-5755 

125- 

7-4245 

66-  524-0468 

536-1865 

121397 

Values  of  »  from  3*5  to  65. 


454 


THE  DISCHARGE  OP  WATER  PROM 


TABLE  V.^CoMdewU  o/  IHtekarge  for  IHfferent  BoOm  of  tU  Channei  to  tie 
Ori^. —Coefficienta  for  Heads  in  still  water  '550  and  '573.  See  equations 
(44)  and  (44a)  and  the  observations  thereon  at  p.  99. 


Ratio 

Coefficient  '550  for  heads  in  still 
water. 

Coefficient  '573  for  heads  in  stiU 
water. 

of  the 
■bannil 
to  the 
orifice. 

Ratio  of  the 
height  due 
to  the  velo- 
city of  ap- 
proach to 
the  head. 

Coefficients 

for  orifices : 

the  heads 

measured 

to  the 

centres. 

Coefficients 

for  weirs : 

the  heads 

measured 

the  full 

depth. 

Ratio  of  the 
height  due 
to  the  velo- 
city of  ap- 
proach to 
the  head. 

Coefficients 

for  orifices : 

the  heads 

measured 

to  the 

centres. 

CoefficioitB 
for  weirs: 
the  heads 
measured 
thefuU 
depth. 

30- 

•000 

•550 

•650 

•000 

•673 

•573 

20- 

•001 

•650 

651 

•001 

•578 

•674 

15- 

•001 

•550 

651 

•001 

•673 

•574 

10- 

•008 

•551 

552 

•003 

•674 

•576 

9- 

•004 

•551 

553 

•004 

•574 

•676 

8- 

■005 

•651 

564 

•006 

•574 

•577 

7- 

•006 

•552 

665 

•007 

•575 

•578 

i    6- 

•008 

•562 

•657 

•009 

•576 

•680 

!    5-5 

•010 

•558 

•558 

•Oil 

•576 

•682 

5-0 

•012 

•558 

•559 

•018 

•577 

•584 

4-5 

•015 

•554 

•562 

•016 

•678 

•586 

4  0 

•019 

•555 

•565 

•021 

•579 

•689 

375 

•022 

•556 

-566 

•024 

•580 

•592 

3-50 

•025 

•567 

-669 

•028 

•581 

•694 

1    8-25 

•029 

•558 

•572 

•032 

•582 

'698 

i    3-0 

•035 

•559 

•675 

•088 

•584 

•602 

;    2-76 

•042 

•561 

•580 

•046 

•586 

•607 

2-50 

•051 

•664 

•586 

•066 

•589 

•614 

2-25 

•064 

•567 

•594 

•069 

•693 

•623 

2-00 

•082 

•572 

•606 

•089 

•698 

•636 

1    1-95 

•086 

•673 

•609 

•094 

•599 

•689 

1-90 

•091 

•676 

•612 

•100 

•601 

•648 

1-85 

•097 

•676 

•615 

•106 

•608 

•647 

1-80 

•103 

•578 

•619 

•113 

•604 

•651 

1-75 

•110 

•679 

•623 

•120 

•606 

•655 

1-70 

•117 

•581 

•627 

•128 

•609 

•660 

1-65 

•125 

•688 

•632 

•187 

•611 

•666 

1-60 

•134 

•586 

•637 

•147 

•614 

•671 

1-65 

•144 

•588 

•648 

•168 

•617 

•678 

1-50 

•155 

•591 

•649 

•171 

•620 

•686 

1-45 

•168 

•594 

■656 

•186 

•624 

•694 

1-40 

•183 

•698 

•664 

•201 

•628 

•708 

1-85 

•199 

•602 

■678 

•220 

•688 

•713 

1-30 

•218 

•607 

■688 

•241 

•688 

•724      , 

1-25 

•240 

•612 

•695 

•266 

•646 

•737      ( 

1-20 

•265 

•619 

•707 

•295 

•652 

•753    ; 

1-16 

•297 

•626 

728 

•330 

•661 

•770     ' 

1    1-10 

•338 

•635 

•741 

•372 

■671 

•791 

'    1-05 

•378 

•646 

•762 

•424 

•684 

•816 

1    1-00 

•434 

•659 

•787 

•489 

•699 

•845 

See  the  auxiUory  tables,  pp.  104, 108,  and  111. 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS, 
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TABLE  V.—CoMeientt  of  Ditckwge  for  difemt  Batiot  of  the  Ckannsl  to  the 
OrMc«.— Coefficients  for  heads  in  sUIl  water  '584  and  *595.  See  equations  (44) 
<ina  (44a)  and  the  oheenrationB  thereon  at  p.  99. 


Coefficient  *584  for  heads  in  still     i 

Coefficient  '695  for  heads  in  still 

water. 

water. 

Ratio  of 
the 

Ratio  of      Coe 

fficionta 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

channel 

the  height  for  < 

)riflces  : 

for  weirs: 

the  height 

for  orifices : 

for  weirs : 

'  to  the 

due  to  the      tht 

)  heads 

the  heads 

due  to  tho 

the  heads 

the  heads 

lorilioe. 

velocity  of     me 

asured 

measured 

velocity  of 

measured 

measured 

approach        U 

>the 

thefuU 

approach 
to  the  head. 

to  the 

the  full 

to  the  bead,     ce 

ntres. 

depth. 

centres. 

depth. 

SO- 

•000 

•584 

•584 

•000 

•595 

•695 

SO* 

•001 

'584 

•585 

•001 

•595 

•596 

15- 

•002 

-584 

•585 

•002 

•695 

•596 

10- 

•003 

-585 

•587 

•004 

•596 

•598 

9-0 

•004 

585 

•588 

•004 

•696 

•599 

1-0 

•005 

-586 

•588 

•006 

•597 

•600 

7-0 

•007 

-586 

•590 

•007 

•597 

•601 

6-0 

•010 

-587 

•592 

•010 

•598 

•608 

5-5 

•Oil 

587 

•593 

•012 

•599 

•605 

5  0 

•014 

588 

•595 

•014 

•599 

•607 

4-5 

•017 

'589 

•598 

•018 

•600 

•610 

40 

•022 

-590 

•601 

■028 

•602 

•618 

8  75 

•025 

591 

•604 

•026 

•608 

•616 

8-50 

•029 

592 

•606 

•080 

•604 

•619 

3-25 

•088 

594 

•610 

•085 

•605 

•622 

3  0 

•089 

595 

•614 

•041 

•607 

•627 

2*75 

•047 

598 

•620 

•049 

•609 

•688 

2-50 

•058 

601 

•627 

•060 

•618 

•641 

2-25 

•072 

605 

•637 

•075 

•617 

•651 

20 

•093 

■611 

•651 

•097 

•628 

•666 

1-95 

•099 

612 

•654 

•108 

•626 

•669 

1-90 

•104 

614 

•660 

•109 

•227 

•678 

1-85 

•111 

615 

•662 

•115 

•628 

•678 

1-80 

•118 

617 

•666 

•128 

•680 

•682 

1-75 

•125 

620 

•671 

•181 

•688 

•687 

1-70 

•184 

622 

•676 

•140 

•685 

•693 

1-65 

•148 

624 

•682 

•149 

•638 

•699 

1-60 

•154 

627 

•689 

•160 

•641 

•706 

1-66 

•166 

681 

•696 

•178 

•644 

•713 

1-50 

•179 

684 

•708 

•187 

•648 

•721 

1-45 

•194 

688 

•712 

•202 

•662 

•730 

1-40 

•211 

643 

•722 

•220 

•657 

•741 

135 

•230 

648 

•782 

•241 

•668 

•752 

1-30 

•253 

654 

•746 

•265 

•669 

•765 

1-25 

•279 

661 

•759 

•298 

•677 

•780 

1-20 

•810 

669 

•776 

•326 

•686 

•797 

115 

•848 

678 

•794 

•866 

•696 

•818 

110 

•898 

689 

•816 

•414 

•707 

•842 

105 

•448 

703 

•842 

•478 

•722 

•870 

1-00 

•518 

719 

•874 

•548 

•740 

•905 

Bee  the  auxiliary  tahlM,  pp.  104, 106,  and  111 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  r.—Oo^leiemia  of  DMuum  /•r  d^emd  BaHo§  ^  tt#  Ckannel  to  He 
Ortf«9.— Coeffidenta  for  hf^ads  m  still  water  -606  and  -617.  See  equaticwfl  (44) 
ana  (44a)  and  the  obaervationB  theretm  at  p.  W. 


Batlo 

of  the 

channel 

to  the 

orifice. 


80- 

20- 

16- 

10- 
9-0 
8  0 

7  0 
6  0 
6-5 
6^0 
4-5 
4-0 

8  76 
3-50 
8-25 
8  00 
275 
2-50 
2-25 
2-00 
1-96 
1-90 
1-86 
1-80 
176 
1-70 
1-66 
1-60 
1-66 
1-60 
1-45 
1-40 
1-85 
1-30 
1-26 
1-20 
116 
110 
1-05 
1-00 


(Coefficient  '606  for  heada  in 
still  wi^er. 


Ratio  of 

the  height 

due  to  the 

Telocity  of 

approach 

to  the  head. 


•000 

•001 

•002 

•004 

•005 

•006 

•008 

•010 

•012 

•015 

•018 

•028 

•027 

•031 

•036 

•048 

•051 

•062 

•078 

•101 

•107 

•113 

•119 

•128 

•136 

•146 

•166 

•167 

•180 

•195 

•212 

•281 

•262 

•278 

•807 

•842 

•884 

•436 

•499 

•680 


Coefficients 

for  orifices : 

the  heads 

measured 

to  the 

centres. 


•606 

•606 

•607 

•607 

•607 

•608 

•608 

•609 

•610 

•611 

•612 

•618 

•614 

•615 

•617 

•619 

•621 

•625 

•629 

•636 

•638 

•639 

•641 

•644 

'646 

•649 

•652 

•665 

-668 

•662 

•667 

•672 

•678 

•685 

•693 

•702 

•713 

•726 

•742 

•762 


Coefficients 

forweira: 

the  heads 

measured 

the  Ml 

depth. 


•606 

•607 

•607 

•609 

•610 

■611 

•612 

•616 

•616 

•619 

•621 

•625 

•628 

•631 

•635 

•640 

•646 

•664 

•666 

•681 

•685 

•689 

•693 

•698 

•703 

•709 

716 

•723 

781 

739 

749 

•760 

772 

786 

•803 

•821 

•843 

•868 

•898 

•936 


Coefficient  '817  for  heads  In 
Stillwater. 


Ratio  of 
the  height 
due  to  the 
Telocity  of 

approach 
to  the  head. 


•000 

■001 

•002 

•004 

•006 

•006 

•008 

•Oil 

•013 

•016 

•019 

•024 

•028 

•032 

•037 

•044 

■053 

•065 

•081 

•105 

•111 

•118 

•125 

•133 

•142 

•562 

•163 

•175 

•188 

•204 

•221 

•241 

•264 

•291 

•322 

•369 

•404 

•469 

•527 

•615 


Coefficienta 

tar  orifloes : 

the  heads 

measured 

to  the 

oentiesL 


•617 
•617 
•618 
•618 
•618 
•619 
•619 
•620 
•621 
-622 
•623 
-624 
•626 
•627 
•628 
•630 
•638 
■637 
•642 
•649 
•650 
•662 
•664 
•667 


Coefficients 

for  weirs: 

the  heads 

measured 

thefnn 

depth. 


•617 
•618 
•619 
•620 
•621 
•622 
•624 
•626 
•628 
•630 
■633 
■637 
•640 
■643 
•647 
•653 
•660 
•668 
•679 
•696 
•700 
•704 
•709 
714 


See  the  anziltazy  tables,  pp.  104, 108.  and  111. 


•669 

•720 

•662 

•726 

•665 

•733 

•669 

•741 

•678 

•749 

■677 

•759 

•681 

■768 

•687 

780 

•694 

•793 

•701 

•808 

709 

•825 

•719 

■845 

■781 

•868 

•745 

•896 

•768 

•928 

•784 

•969 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  r.—CoiffMeni»  of  DiaeJMrge  for  d^treni  Ratio*  qf  the  Channel  to  tk« 
OriilM.— Mean  CoeffloTent  '628.  Coefficients  for  heads  in  still  water  '628  and 
'039.    Bee  equations  (44)  and  (44a)  and  the  obaerrations  thereon  at  p.  90. 


Ooeffldent  -628  for  beads  in 

Coefficient  -689  for  heads  in        | 

Stillwater. 

still  water. 

Ratio 

of  the 

Ratio  of 

Coefficients 

Coefficients 

Batioof 

Coefficients 

Coefficients 

ntifffi^^^ 

the  height 

for  orifices : 

for  weirs : 

the  height 

for  orifices : 

for  weirs : 

to  the 

due  to  the 

,  the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

otlfioe. 

velocity  of 

measured 

measured 

yeloci^  of 

measured 

measured 

approach 
to  the  head. 

to  the 

the  full 

approach 

to  the 

the  full 

1    centres. 

depth. 

to  the  head. 

oentrea. 

depth. 

80- 

•000 

•628 

•628 

•000 

•689 

•639 

20- 

•001 

•628 

•629 

•001 

•639 

•640 

16- 

•002 

•629 

•630 

•002 

•640 

'641 

10- 

•004 

•629 

•632 

•004 

•640 

•643 

90 

•005 

•630 

•632 

•006 

•641 

•644 

8  0 

•006 

■630 

•634 

•006 

•641 

•646 

7  0 

•008 

•631 

•635 

•008 

•642 

•647 

6  0 

•Oil 

•631 

•638 

•Oil 

•648 

•649 

6-6 

•013 

•632 

•640 

•014 

•648 

•651 

5-0 

•016 

•633 

•642 

•017 

•644 

•654 

4-5 

•020 

•634 

•645 

•021 

•646 

•657 

4  0 

•025 

•636 

•649 

•026 

•647 

•662 

8-76 

•029 

•637 

•652 

•080 

•648 

•666 

8-50 

•033 

•638 

•656 

•084 

•650 

•668 

8-25 

•039 

•639 

•659 

•040 

•652 

'673 

80 

•046 

•642 

•666 

•048 

•654 

•678 

2-76 

•056 

•645 

•672 

•057 

•657 

•686 

2*50 

•067 

•649 

•682 

•070 

•661 

•696 

2-26 

•084 

•654 

•694 

•088 

•666 

•708 

20 

•109 

•661 

•711 

•114 

•674 

•727 

196 

•116 

•663 

•715 

•120 

•676 

•731 

1-90 

•123 

•665 

'720 

•128 

•679 

•786 

1-86 

•130 

•668 

•726 

•136 

•681 

•741 

1-80 

•139 

•670 

•731 

•144 

•684 

•747 

1-75 

•148 

•673 

•737 

•154 

•686 

•753 

170 

•158 

•676 

•743 

•165 

•690 

•760 

1-65 

•169 

•679 

•760 

•176 

•693 

•768 

1-60 

•182 

•683 

•758 

•190 

•697 

•776 

1-56 

•196 

•687 

•767 

•205 

•701 

•786 

1-60 

•213 

•692 

•777 

•222 

•706 

•796 

1-46 

•231 

•697 

•788 

•241 

•712 

•808 

1-40 

•252 

•703 

•800 

•262 

•718 

•820 

1-85 

•276 

•709 

•814 

•289 

•725 

•886 

1-80 

•304 

•717 

•830 

•319 

•734 

•863 

1-26 

•338 

•726 

'846 

•864 

•748 

•872 

1-20 

•377 

•734 

'866 

•896 

•755 

•896 

116 

•425 

•760 

'894 

•447 

•769 

■921 

110 

•484 

•765 

•924 

•609 

•785 

■958 

105 

•567 

•784 

•959 

•688 

•806 

•991 

100 

•651 

•807 

1002 

•690 

•881 

1088 

BeathoanxiUaiytaUes,  pp.  104, 108,  aadlll. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLS  V.^Co^McienU  qf  Diwekarpe  for  difertnt  SaHMof  the  Chamn^  io  ike 
OrMeg. — Ooemdents  for  beads  in  sull  water  '650  and  '067.  See  equaUona  (44) 
and  (44a}  and  the  obeenrationa  therecm  at  p.  99. 


Coefficient  "dSO  for  heads  in 

Coefficient  ^7  for  heads  in         I 

Stillwater. 

Stillwater. 

Rafclo 

of  the 

Ratio  of 

Coefficients 

Coefficients 

Ratio  of     Coefficients  I 

Coefficients 

channel 

the  height 

for  orifices : 

for  weirs: 

the  height 

for  <»rifice8 : 

for  weirs: 

t^the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

velocity  of 

measured 

measured 

Telocity  of 

measured 

measured 

approach 

to  the 

thefUll 

approach 
to  the  head. 

to  the 

the  fnll 

to  the  head. 

centres. 

depth. 

centres. 

depth. 

80- 

•000 

•650 

•650 

•000 

•667 

•667 

20- 

•001 

•650 

•651 

•001 

•667 

•668 

16- 

•002 

■651 

•662 

•002 

•667 

•669 

10- 

•004 

•651 

•654 

•004 

•668 

•671 

9- 

•006 

•652 

•655 

•006 

•669 

•672 

8- 

•007 

•652 

•656 

•007 

•669 

•678 

7  0 

•009 

•663 

•668 

•009 

•670 

•675 

6  0 

•012 

•654 

•661 

•012 

•671 

•678 

5-5 

•014 

•655 

•663 

•016 

•672 

•680 

5-0 

•017 

•656 

•665 

•018 

•678 

•682 

4-5 

•021 

•667 

•669 

•022 

•674 

•687 

40 

•027 

•659 

•674 

•029 

•676 

•692 

3-76 

•031 

•660 

•677 

•033 

•678 

•696 

3-50 

•036 

•662 

•681 

•088 

•679 

•700 

3-25 

•042 

•663 

•686 

•044 

•681 

•705 

8  0 

•049 

•666 

•692 

•052 

•684 

•711 

2-76 

•059 

•669 

•699 

•062 

•687 

•720 

2-50 

•073 

•678 

•709 

•077 

•692 

•731 

2-25 

•091 

•679 

•728 

•096 

•698 

•745 

20 

•118 

•687 

•742 

•126 

•707 

766 

1-95 

•125 

•689 

•747 

•132 

•709 

•771 

1-90 

•133 

•692 

•752 

•140 

712 

•777 

1-85 

•141 

•694 

•758 

•149 

•715 

•788 

1-80 

•150 

•697 

•764 

•159 

•718 

•790 

1-76 

•160 

•700 

•771 

•170 

•721 

•797 

1-70 

•172 

•704 

•779 

•182 

•725 

•805 

1-65 

•184 

•707 

•786 

•196 

•729 

•814 

1-60 

•198 

•711 

•795 

•210 

•783 

•828 

1-56 

•218 

•716 

•806 

•227 

•788 

•888 

1-50 

•231 

•721 

•816 

•246 

•744 

•846 

1-45 

•251 

•727 

•828 

•268 

•751 

•859 

1-40 

•275 

•734 

•842 

•298 

•758 

•874 

1-36 

•302 

•742 

•858 

•322 

•764 

•888 

1-30 

•333 

•751 

•876 

-866 

•776 

•911 

1-25 

•371 

•761 

•896 

•898 

•788 

•984 

1-20 

•415 

•773 

•920 

•446 

•802 

•961 

1-15 

•469 

•788 

•949 

•606 

•818 

•992 

1-10 

•637 

•806 

•983 

•580 

•888 

1080 

1-05 

•621 

•828 

1-024 

•675 

•868 

1076 

1-00 

•732 

•855 

1-074 

•800 

•894 

1188 

See  the  auxlUaxy  tables,  pp.  104, 108,  and  111. 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 


459 


TABLE  r.—Co^ffleienta  qf  Dimikargt  for  different  HatuM  qf  the  Channel  io  the 
Ort/!ce. —Coefficienta  for  heada  in  still  water  V^  s  *7071  and  1.  8eo  equa- 
tionfi  (44)  and  (44a)  and  the  obeervationa  thereon  at  pp.  98  and  99. 


\ 

Coefficient  1-000  for  heada  in  atill 

(Coefficient  '707  for  Heada  In 
BtiU  water. 

water,  and  multipliera  of  c^  in  equa- 

Ritio 
ot  tha 

tiona  (45a)  and  (46a), 

which  see. 

Ratio  of     Coefficients 

Coefficients 

Ratio  of 

Coeffidenta 

Coefficienta 

■^MM^MAt  AA0& 

to  tho 

the  height  for  orifices : 

for  weirs : 

the  height 

for  orifloea: 

for  weira : 

orifice 

due  to  the     th 

a  heada 

the  heada 

due  to  the 

the  heada 

the  heads 

^'A  AAA^W  • 

Velocity  of    mc 

lasured 

meaaured 

velocity  of 

meaaured 

meaaured 

approach         1 

io  the 

thefldl 

approach 

to  the 

the  full 

to  the  head,     cc 

tntres. 

depth. 

to  the  head. 

centres. 

depth. 

30- 

•001 

707 

•708 

•001 

1-001 

1-002 

20- 

•001 

708 

•708 

•003 

1-001 

1004 

15^ 

•001 

708 

•709 

•005 

1002 

1006 

lo- 

•005 

■709 

•712 

•010 

1005 

1^014 

p- 

•006 

709 

•713 

•013 

1006 

1017 

s' 

•008 

710 

•714 

•016 

1008 

1-021 

7- 

•010 

711 

717 

•021 

1-010 

1028 

«• 

•014 

712 

•721 

•029 

1-014 

1^038 

5-5 

•017 

713 

•723 

•034 

1-017 

1045 

5-0 

•020 

714 

•727 

•041 

1-021   ■ 

1055 

4-5 

•025 

716 

•731 

•052 

1-026 

1-067 

4-0 

•082 

718 

•737 

•067 

1033 

1-084 

3-75 

•037 

720 

•742 

•077 

1-038 

1-096 

3-50 

•048 

722 

747 

•089 

1-044 

1110 

3-25 

•050 

724 

•758 

•105 

1-051 

1127 

3-00 

•059 

728 

•760 

•125 

1-061 

1149 

2-75 

•071 

732 

•770 

•152 

1078 

1178 

2-50 

•087 

737 

•783 

•190 

1091 

1216 

2-25 

•110 

745 

•801 

•246 

1116 

1-269 

2-00 

•143 

756 

•826 

•338 

1-155 

1-347 

1-95 

•151 

759 

•832 

•356 

1-165 

1367 

1-90 

•161 

762 

•839 

•383 

1176 

1389 

1-85 

•171 

765 

•846 

•412 

1188 

1413 

1-80 

•182 

769 

•854 

•446 

1-203 

1-441 

1-75 

•195 

773 

•863 

•484 

1-218 

1471 

1-70 

•209 

778 

•873 

•529 

1-237 

1-505 

1-65 

•225 

783 

•883 

•579 

1-257 

1543 

1-60 

•243 

788 

•895 

•641 

1-281 

1589 

1-55 

•263 

795 

•908 

711 

1-308 

1638 

1-50 

•286 

'802 

•923 

•800 

1-342 

1-699 

1-45 

•312 

'810 

•939 

•903 

1-379 

1-767 

1-40 

•342 

'819 

•958 

1-042 

1-429 

1854 

1-35 

•378 

•830 

•980 

1-216 

1-489 

1^958 

1-80 

•421 

'842 

1'003 

1^449 

1-565 

2^088 

125 

•471 

'857 

1-033 

1778 

1-667 

2259 

1-20 

•532 

'875 

1066 

2273 

1-810 

2-499 

115 

•608 

897 

1^107 

S^lOO 

2-025 

2-844 

110 

704 

923 

1155 

4-762 

2-400 

3-440 

105 

•830 

957 

1-216 

9-756 

3 '280 

4-803 

100 

1000          1 

000 

1293 

iniiaite. 

infinite. 

infinite. 

Hoe  tho  auxiliary  table,  p.  Ill,  also  pp.  112,  113. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VI.—Tkt  Diaekaroe  mmt  TTmiv  or  Naieke$  qf  onefoai  in  lenfftk,  m  CnVr 
feet  per  wtimuU. — Depths  \  inch  to  10  inehea.  Obkatbb  coBmciKirn  'd07 
to  en.^Tke  Formula  at  the  head*  </  the  Cotmrnne  am  the  Value  qf  the 
Dieeharge,  D,  m  Cubic  feet  per  ««««<<,  when  I,  the  length  </  the  Weir,  it  taken 

mfeet,andtheh0ad,h,inimdkee.     :Fbrl'^h'^wema9  mbetituUlh'>niyretaiMiag 
theeam 


Heada 

In 

Theoretical 

Coefficient 

Coefficient 

Coefficient 

Coefficieut;Coefficiend 

diachAive, 

-667. 

-e&a 

-639. 

*628. 

■617. 

in 

inches. 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

7-72 /v^A^. 

615Ia/a». 

6-(tt«V*». 

4«J  I  Va». 

4-85 /V'p. 

4-76  I  ^i^. 

•25 

•966 

-644 

•627 

•617 

•606 

•596 

•6 

2*730 

1*821 

1-775 

1-744 

1-714 

1-684 

•76 

6-016 

3-346 

8-260 

3-206 

3-150 

3-095 

1- 

7-722 

5*151 

5*019 

4-934 

4-849 

4-764 

1-25 

10-792 

7*198 

7-016 

6-896 

6-777 

6-659 

1-5 

14  186 

9*462 

9-221 

9*065 

8-909 

8-753 

1^75 

17-877 

11*924 

11*620 

11-423 

11-227 

11-080 

2- 

21-842 

14-569 

14-197 

13-957 

13-717 

13-477 

2-25 

26*062 

17-883 

16*940 

16-654 

16-367 

16-080 

2-5 

30-624 

20*360 

19-841 

19-605 

19-169 

18-883 

2-75 

85*215 

28-489 

22*890 

22-503 

22-115 

21-728 

8- 

40-125 

26-763 

26-081 

25*640 

25-199 

24-757 

8-25 

45*244 

30-178 

29*408 

28*911 

28-413 

27-915 

8^6 

60*563 

88-726 

82*866 

32-310 

31-754 

31-197 

8-75 

66-077 

87-403 

36*450 

86*833 

86-216 

34-599 

4- 

61*777 

41*205 

40*166 

89-476 

38-796 

38-116 

4-25 

67*658 

45-128 

43-978 

43*233 

42-489 

41-745 

4-5 

73*714 

49*167 

47*914 

47*103 

46-292 

45-482 

4-75 

79-942 

53*321 

61  -962 

51*083 

60-203 

49*324 

5- 

86-335 

57*585 

56*118 

55-168 

64-218 

53-269 

6-25 

92-891 

61*958 

60-879 

69-867 

58-835 

57-314 

6-6 

99-604 

66*436 

64-743 

63*647 

62-551 

61-456 

6-75 

106-472 

71*017 

69-207 

68-036 

66-864 

65-693 

6- 

113-491 

75*698 

73-769 

72-621 

71-272 

70-024 

6-25 

120-657 

80-478 

78*427 

77*100 

75-772 

74-445 

6-5 

127-969 

85-855 

88-180 

81*772 

80-865 

78-957 

6-75 

135-422 

90-826 

88-024 

86-535 

85  045 

83-555 

7' 

143*015 

95*891 

92-960 

91-887 

89*813 

88-240 

7^25 

150-744 

100-546 

97-983 

96-825 

94-667 

93*009 

7-5 

158*608 

105*792 

103-095 

101-350 

99*606 

97-861 

7-75 

166-604 

111-125 

108-292 

106-460 

104*627 

102*795 

8- 

174-731 

116*546 

113-675 

111-653 

109*731 

107-809 

8^26 

182-984 

122-051 

118-940 

116-927 

114-914 

112-901 

8-5 

191  -365 

127*640 

124-387 

122-282 

120177 

118072 

8-75 

199-869 

133*813 

129-916 

127-716 

125-618 

123-319 

9- 

208-496 

139*067 

135*522 

183-229 

130-935 

128-642 

9-25 

217-243 

144-901 

141  *207 

138-818 

136*428 

134-039 

9-5 

226-111 

150-816 

146-972 

144-485 

141-997 

139-510 

9-75 

285*093 

166-807 

152-810 

160-225 

147*639 

145-053 

10- 

244-198 

162*877 

168-726 

166-089 

168-863 

150-666 

See  pp.  114  to  188. 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 


461 


TABLE  VI.— The  Du^a/rge  over  Wein  or  Noteket  qf  one  foot  in  length,  in  Cubic 

feet  per  wnnute.—DepibB  10-25  inches  to  32  Incheo.    Obvatbb  coBmciBrra 

567  Jo  -617.— 2^  .Fbnnwto  at  the  heade  </  the  Coltmna  give  the  Value  of  the 

Dueharge,  D,  in  Cubic  feH  per  minute,  when  I,  the  length  qf  the  Weir,  ie  taken 

infect,  and  ths  head,  h,  in  indiee.    For  I  */!>  w  mag  tubetUute  I  h'/'h,  retaining 
the  eame  aandarde. 


Heads 

in 
inches. 

Theoretical 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

diachazs^e, 

•667. 

•650. 

•689. 

•628. 

-617. 

D  = 

772  I  V^. 

D  = 
515  I  VTP. 

D  = 
602  I VX*. 

D  = 
4-93  I  VT» 

D  = 
4-85  /  v^A». 

D  = 

476  ZVT* 

10-25 

258-407 

169-023 

164-716 

161  -927 

159-140 

166-862 

10-5 

262-784 

175-244 

170-777 

167-887 

164-997 

162-107 

1075 

272178 

181-450 

176-918 

173-919 

170-925 

167-981 

11- 

281-728 

187-909 

188-120 

180-021 

176-922 

173*828 

11-25 

291-382 

194 '352 

189-398 

186-193 

182-988 

179-782 

11-5 

301  -148 

200-866 

195-746 

192-484 

189-121 

185*808 

11-75 

811-024 

207-451 

202-164 

198-743 

195-321 

191-900 

12- 

821- 

214-107 

208-660 

205-119 

201-588 

198*057 

12-6 

841  -275 

227-628 

221-826 

218-072 

214-318 

210-564 

IS- 

861-950 

241-421 

285-268 

231-286 

227*306 

228-823 

IS -5 

883-031 

255-482 

248-970 

244*757 

240*543 

236-880 

14- 

404-507 

269-806 

262-980 

258*480 

254-030 

249*581 

14-5 

426-368 

284-387 

277-189 

272*449 

267-769 

268*069 

15- 

448-611 

299*223 

291-597 

286-662 

281  -728 

276*798 

15-5 

471-228 

814-309 

806-298 

801-115 

295-931 

290*748 

16- 

494-212 

329*639 

821-288 

315-801 

310-865 

304*929 

16-5 

517-558 

345*211 

836-418 

830-720 

825-026 

319 -388 

17- 

641-261 

361  021 

351-820 

845-866 

839*912 

883*958 

17-5 

565-815 

377  066 

367-456 

861-236 

355-018 

848-799 

IS- 

589-715 

893-340 

888*315 

376-828 

370-841 

868-854 

IS -5 

614-448 

409-833 

399-888 

892-629 

385*870 

879-111 

19- 

639-583 

426-569 

415*696 

408-662 

401-627 

894-692 

19-5 

664-944 

443-518 

482-214 

424*899 

417-586 

410-270 

20- 

690-682 

460-685 

448-943 

441-346 

483-748 

426-151 

20-5 

716-737 

478-064 

465-879 

457-996 

460*111 

442-227 

21- 

743-125 

495*664 

483-081 

474-857 

466*688 

468*508 

21-5 

769-823 

618-472 

500-885 

491  -917 

483*449 

474*981 

22- 

796-832 

681*487 

517-941 

509-176 

500-410 

491*645 

22-5 

824-151 

649-709 

685-698 

526-632 

617-567 

608-501 

23- 

861  -776 

668-184 

653-654 

644-284 

684-915 

525*546 

28*5 

879-700 

686-760 

671-805 

562-128 

652*462 

642-775 

24- 

907-925 

606-586 

690-151 

680-164 

670-177 

660-190 

25- 

965-253 

643-824 

627-414 

616-797 

606-179 

695 '661 

26- 

1023-748 

682*840 

665-436 

654*175 

642-914 

631*653 

27- 

1088-375 

722-611 

704-194 

692*277 

680-360 

668-442 

28- 

1144116 

768*126 

748-676 

781  *090 

718-506 

705-920 

29- 

1205-950 

804*869 

783-868 

770*602 

767*387 

744-071 

SC- 

1268-864 

846*832 

824-762 

810-804 

796-847 

782*889 

SI- 

1332-888 

889-000 

866*841 

851-680 

887-019 

822-358 

82- 

1897-842 

932-861 

908-697 

893-221 

877*846 

862-469 

See  pp.  114  to  133. 
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THE  DISCEAROE  OF  WATER  FROM 


TABLE  VI.— The  DwAarge  over  Won  or  yate\e»  </  one  foot  in.  Unfftk,  in  Cnhic 
feet  per  muntte.— Depths  33  inches  to  72  Inches.  Gesater  ooKKFidKirre 
•667  to  -617.— rA#  Formnia  at  the  heade  qf  the  CkUtmns  gioe  the  VtOme  qf  the 
JHaOtarge,  D,  in  CMe  feet  per  mintUe,  when  I,  the  length  qf  the  Wrir,  ie  taken 
infeet,andthehead,h,ininehee.  Forl'^wemegfeubetitmtelh^/XretaUinff 
the  tame  etandarde. 


Heads 

in 
inches. 


83 
84 
85 
86 
87 
38 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 


Theoretic&l 

discharge, 

D  = 

7-72  I  VT» 


1468-875 

1580-917 

1598*951 

1667-964 

1787-948 

1808-875 

1880-746 

1958-544 

2027-258 

2101  -876 

2177-387 

2253-788 

2381-052 

2409-183 

2488-170 

2568- 

2648-666 

2780-160 

2812-474 

2895-597 

2979-525 

3064-258 

8149-755 

3236-050 

3828-117 

3410-946 

3499-542 

3588-889 

3678-984 

3769-825 

3861-393 

3958-694 

4046-720 

4140-465 

4234-922 

4330-086 

4425-954 

4522-516 

4619-774 

4717-718 


Coefficient 
1)67. 
D  = 

515  I  Vp. 


976-405 
1021-122 
1066-500 
1112-532 
1159-208 
1206-520 
1254-458 
1303-014 
1352-181 
1401-951 
1452-817 
1503-273 
1554-812 
1606-925 
1659-609 
1712-866 
1766-660 
1821  -021 
1875-920 
1931  -363 
1987-343 
2043-857 
2100-887 
2158-446 
2216-519 
2276-101 
2384  195 
2393-789 
2453-882 
2514-478 
2575-649 
2637-114 
2699-162 
2761-690 
2824-693 
2888-167 
2952-111 
3016-518 
8081  -389 
3146-718 


Coefficient 
■650. 
D  = 

502  1^  h* 


Coefficient 
■639. 
D  = 

4-«3«V^. 


951-619 
995-096 
1039-318 
1084-177 
1129-663 
1175-769 
1222-485 
1269-804 
1317-718 
1366-219 
1415-302 
1464-959 
1515-184 
1565-969 
1617-311 
1669-200 
1721*638 
1774-604 
1828-108 
1882  138 
1936-691 
1991  -764 
2047-341 
2103-438 
2160-026 
2217115 
2274-702 
2332-778 
2391-340 
2460-886 
2509-905 
2569-901 
2680-868 
2691-302 
2752-699 
2814-556 
2876-870 
2939-635 
3002-858 
3066-518 


985-416 
978-256 
1021-730 
1065-829 
1110-546 
1155-871 
1201  -797 
1248-315 
1295-418 
1343-099 
1891-360 
1440-167 
1489-542 
1539-468 
1689-941 
1640-962 
1692-498 
1744-672 
1797-171 
1860-286 
1908-916 
1958-058 
2012-693 
2067-836 
2123-472 
2179-694 
2236-207 
2293  300 
2350-871 
2408-918 
2467-480 
2526-410 
2685-864 
2645-757 
2706-115 
2766-925 
2828-185 
2889*888 
2952-086 
8014-622 


Coefficient 
•628. 
D  =  _ 

4-85  I  -v^**. 


919-314 
961-416 
1004*141 
1047-481 
1091  -428 
1186-974 
1181-108 
1226-826 
1278-118 
1319-978 
1867-399 
1416-376 
1463-901 
1512-967 
1562-671 
1612-704 
1663-362 
1714-540 
1766-234 
1818-435 
1871-142 
1924-361 
1978*046 
2032-239 
2086-917 
2142074 
2197-712 
2258-822 
2810-402 
2367-450 
2424-955 
2482-920 
2541 -340 
2600-212 
2659-531 
2719-294 
2779-499 
2840-140 
2901-218 
2962-727 


Coefficient 
•617. 

4-76  I V  Jk»  I 


903*211 
944*576 
986-553 
1029-134 
1072-311 
1116-076 
1160*420 

1205*337 

1250*818 

1296-857 

1343*448 

1890-584 

1488*259 

1486-466 

1535*201 

1584-456 

1684-227 

1684-509 

1735*296 

1786*583 

1838*867 

1890-644 

1943*399 

1996*643 

2050-363 

2104*554 

2159*217 

2214*344 

2269-933 

2325-982 

2382-479 

2439-429 

2496-826 

2554-667 

2612*947 

2671  -663 

2730*814' 

2790-392 

2850*401 

2910-832. 


See  pp.  114  to  188. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS, 
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TABLE  VI.— The  Bitdiarae  over  Weirt  or  Ifotehe$  of  one  foot  m  Ungtht  m  Cubic 
feet  per  minuU. — D«ptEB  \  Inch  to  10  iuches.  Lesbkb  ooxFiioiiarrs  '6<M> 
to  'bn.—Tke  Formula  at  the  keade  qf  ike  CoUmue  gioe  the  Value  <^  the 
Dkeharye,  D,  in  Oubio  feet  per  minute,  when  I,  the  length  <f  the  Weir,  ie  taken 

infeetf  and  the  head,  h,  in  inekee.    For  I  v^  «w  may  tuhtlituU  I  h  Vj^  retakning 
the  coflM  etandarde. 


CoeiBcient 

Coeffloient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Heads 

•606. 

•695. 

-684. 

'662. 

•640. 

-618. 

in 

D  = 

D  = 

D  = 

Dc= 

Ds 

D  = 

inches. 

4-68  I  Vl?. 

4-M  I  Vjp. 

4-61 1  Vp. 

4-34  zVii. 

417  I  ^ik». 

4ivnk» 

•25 

-585 

•574 

•564 

-642 

-521 

-600 

•5 

1-654 

1-624 

1-504 

1-534 

1-474 

1-414 

•76 

8-039 

2-985 

2-929 

2-819 

2-708 

2-698 

1- 

4-680 

4-595 

4-510 

4-340 

4-170 

4-000 

1-25 

6-540 

6-421 

6-308 

6-065 

5-828 

6*590 

1-6 

8-597 

8-441 

8-284 

7-973 

7-660 

7-848 

1-76 

10-838 

10-637 

10-440 

10-047 

9-658 

9-260 

2- 

13-236 

12-996 

12-756 

12-275 

11-795 

11-814 

2-25 

15-794 

15-507 

15-220 

14-647 

14-073 

13-600 

2-6 

18-498 

18162 

17-826 

17-155 

16-483 

15-811 

2-75 

21-340 

20-958 

20-556 

19-791 

19-016 

18-241 

8- 

24-316 

23-874 

28-433 

22-550 

21-668 

20-785 

825 

27-418 

26-920 

26-422 

25-427 

24-432 

23-436 

8-5 

80-641 

80-085 

29-529 

28-416 

27-304 

26  192 

8-75 

33-982 

33-366 

82-749 

31-516 

30-281 

29-048 

4- 

37-437 

86-757 

86-078 

34-719 

33-360 

82-000 

4-25 

41-001 

40-256 

89-512 

38-024 

86-536 

85-047 

4-5 

44-671 

48-860 

43-049 

41-427 

89-806 

88-184 

4*75 

48-445 

47-565 

46-686 

44-927 

43-169 

41-410 

5- 

52-319 

51-369 

50-420 

48-520 

46-621 

44-722 

5-25 

56-292 

55-270 

54-248 

52-205 

60-161 

48-117 

6-5 

60-860 

59-264 

68-169 

55-977 

63-786 

51  -595 

5-75 

64-522 

63-351 

62-180 

59-837 

67-496 

66-153 

6- 

68-776 

67-527 

66-279 

63-782 

61-285 

58-788 

6-25 

73-118 

71-791 

70-464 

67-809 

65-166 

62-500 

6-5 

77-549 

76-142 

74-734 

71-919 

69-103 

66-288 

6  75 

82-066 

80-576 

79-086 

76-107 

78128 

70  149 

7- 

86-667 

85-094 

83-521 

80-374 

77-228 

74-082 

7-26 

91  -351 

89-693 

88-034 

84-718 

81  -402 

78  085 

7-5 

96  116 

94-372 

92-627 

89-138 

85*648 

82  159 

7-76 

100-962 

99129 

97-297 

93-631 

89-966 

86-301 

8- 

105-887 

103-965 

102-043 

98-199 

94-355 

90-511 

8-26 

110-889 

108-876 

106-863 

102-837 

98-812 

94-786 

8-5 

115-967 

118-862 

111-757 

107-647 

103-337 

99127 

8-76 

121-121 

118-922 

116-723 

112-326 

107-929 

103-532 

9- 

126-349 

124-056 

121-762 

117-176 

112-588 

108-001 

9-25 

131-649 

129-269 

126-870 

122-090 

117-311 

112-532 

9-6 

137-023 

134-536 

182-048 

127  074 

122-100 

117-125 

976 

142-467 

139-881 

137-294 

132122 

126-960 

121-778 

10- 

147-991 

145-295 

142-609 

137-237 

181-864 

126-492 

Seapp.  lUtolSS. 
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THE  DISCHARGE  OF  WATER  FROM 


TABUS  VI.^Tka  DitAmw  over  Wewt  or  Noteket  qf  otu  fooi  m  Umga  im  Cmiie 

fret  mr  wmmmtt.—DvjptUB  10-25  fncfaos  to  82  inches.     Lbbrkk  coKfrictaaift 

«» to  -51S.— 2^  fiuwulm  ai  HU  h4ad$  qf  the  Cobmmt  give  tke  Valme  qf  ike 

Ditekmrf,  A  •*  CMe  /«•<  per  ani»i(<«,  when  I,  the  length  ijf  Oe  Weir,  ie  takem 

mfeet,amdaeheadtk,i^imelm.    For  I  ^  we  mag  nbdituU  I  h '>^k,  niaimmg 


tkeea 

meeiamdarie. 

Coefficie&t 

Ooeffidont 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

HeAds 

-606. 

-5»5. 

•684. 

•562. 

•540. 

-518. 

in 

D  = 

D  = 

D=: 

D  = 

D  = 

D  = 

incbM, 

4  68  1  v^»>. 

4-69  1  Vip. 

461 1 V^. 

4-84  I  v^*». 

417 /V*». 

4|Va». 

10-26 

158-565 

150-777 

147*990 

142-415 

136-840 

131-265 

10-5 

159-217 

156-827 

153-437 

147-657 

141-876 

136-096 

10-76 

164-987 

161-948 

158-949 

152-961 

146  974 

140-986 

11- 

170-724 

167-625 

164-626 

158  328 

152-130 

145-983 

11*25 

176-577 

173-872 

170-167 

163-766 

167-346 

150-936 

11-6 

182-496 

179-188 

175-870 

169*245 

162-620 

155-995 

11-75 

188-479 

185-069 

181-636 

174-794 

167-952 

161-109 

12- 

194*526 

190*995 

187-464 

180*402 

173-340 

166-278 

12-5 

206-810 

203-056 

199*802 

191-794 

184-286 

176-778 

13- 

219-842 

215-860 

211-879 

203-415 

195-453 

187-490 

18-5 

232-117 

227-908 

228*690 

215-263 

206-837 

198-410 

114- 

245  181 

240-682 

236-282 

227  333 

218-434 

209-535 

,14-5 

258-879 

258*689 

248-999 

239-619 

230-239 

220-859 

Il5- 

271-858 

266-924 

261-989 

252-119 

242-250 

232-380 

15-5 

285-564 

280*381 

275  197 

264-830 

254-468 

244-096 

16- 

299-492 

294*056 

288-620 

277-747 

266-876 

256-001 

16-6 

818*640 

807*947 

802*253 

290-868 

279-481 

268095 

17- 

328*004 

822-050 

316  096 

304-189 

292-281 

280-873 

17-6 

842-581 

836-362 

330-144 

817*707 

305-270 

292-838 

18- 

857*867 

350-880 

344-394 

831-420 

318-446 

805-472 

18-5 

372-852 

365*594 

858-885 

345-317 

331-799 

318-241 

1»- 

387-557 

880*522 

873-487 

359-418 

345-348 

331-278 

19-5 

402-956 

895-642 

388-827 

373-699 

359-070 

344-441 

20- 

418-558 

410-959 

408-858 

888  163 

372-968 

857  ■778 

20-5 

434-848 

426-458 

418-574 

402-806 

387-088 

871-270 

21- 

450*884 

442-159 

433-985 

417-636 

401*288 

384-989 

21-5 

466-513 

458*045 

449-577 

432-641 

415-704 

898-768 

22- 

482-880 

474*115 

465-350 

447-819 

430-289 

412-759 

22-5 

499-436 

490-370 

481-304 

463-173 

445-042 

426-910 

28- 

517*176 

506-806 

497-487 

478-698 

459-959 

441  -219 

28-5 

538-098 

528*421 

513-745 

494-391 

475-038 

455-685 

24- 

550-208 

540-215 

530-228 

610-254 

490-280 

470*305 

26- 

584-948 

674-826 

563-708 

542-472 

521-237 

500*001 

26- 

620-891 

609-130 

597-869 

575-846 

552-824 

580*801 

27- 

656*525 

644-608 

632-691 

608-857 

585-023 

561  188 

28- 

693*834 

680*749 

668-164 

642*998 

617-823 

592-652 

29- 

730-806 

717*540 

704-275 

677-744 

651-218 

624-682 

SC- 

768-982 

754-974 

741  -017 

713-102 

685-187 

657*272 

SI- 

807-697 

793*036 

778*874 

749-062 

719*730 

690-407 

32- 

847*092 

831*716 

816-340  785-687 

764*885 

724-082 
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TABLE  VL—The  Duekarge  over  Wehrt  or  NoteJM  qf  one  foot  m  Iswthy  in  Ctibie 
feet  per  im'ii«<e.— Depths  38  inches  to  72  Inohos.  Le88BR  CocFriCTEifTB 
•606  Jo  518.-'Tke  Fbrnntla  at  the  heads  qf  the  Column*  aive  the  Value  tf 
the  Dieeharffe,  D,  in  Cubie  feet  per  minuU,  when  /»  the  length  qf  the  Weir,  a 

to&M  i»  feet,  and  the  head,  A,  m  tii«Ae».    For  I  Vj^  we  maw  eubeOtiUe  I  h  v  I, 
reiaiMinff  the  tame  etandarde. 


Heads 
in 

iH4»hfWL 


S3 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 


Coefficient 

•606. 

D  = 
4-68  J  vTi?. 


887 -108 
927-786 
968-964 
1010-786 
1058-198 
1096  178 
1189-782 
1188-848 
1228-518 
1273-787 
1319-497 
1365-792 
1412-618 
1459-965 
1507-881 
1556-208 
1605-092 
1654-477 
1704-859 
1754-732 
1805-592 
1856-937 
1908-751 
1961-046 
2013-809 
2067-038 
2120*722 
2174-867 
2229-464 
2284-514 
2840-004 
2895-939 
2452-312 
2509-122 
2566-868 
2624  082 
2682*128 
2740-645 
2799-588 
2858*987 


Coefficient 
•605. 
D  = 

4-69  I  V^. 


871  006 
910-896 
951  -376 
992  439 
1034  076 
1076-281 
1119044 
1162-359 
1206-219 
1250-616 
1295-545 
1341-001 
1386-976 
1433-464 
1480-461 
1627-960 
1575-956 
1624-445 
1673-422 
1722-880 
1772-817 
1828-231 
1874-104 
1925-450 
1977-256 
2029-513 
2082-227 
2135-389 
2188-995 
2243-046 
2297-529 
2852-448 
2407-798 
2463*577 
2519-779 
2576-401 
2633-443 
2690*897 
2748-766 
2807*042 


Coefficient 
•584. 
D  = 

4-61  I  V^i. 


854-908 
894-056 
933-787 
974-091 
1014-959 
1056-383 
1098-856 
1140-870 
1183-919 
1227-496 
1271-594 
1316-209 
1361-334 
1406-963 
1453-091 
1499-712 
1546-821 
1594-418 
1642-485 
1691  -029 
1740-043 
1789-524 
1839-457 
1889-858 
1940-700 
1991*992 
2043-788 
2095-911 
2148-527 
2201 -578 
2255-054 
2308-957 
2363*284 
2418-032 
2473-194 
2528*770 
2584-757 
2641-149 
2697-948 
2755*147 


Coefficient 
•562. 
D  = 

4-84  I  vT». 


822-698 
860-375 
898-610 
937 -396 
976-724 
1016-588 
1066-979 
1097-892 
1189-319 
1181-254 
1223-691 
1266-626 
1310061 
1363-961 
1898-362 
1443-216 
1488-650 
1534  •360 
1580-610 
1627-326 
1674-498 
1722110 
1770  162 
1818-660 
1867-592 
1916-962 
1966-743 
2016-966 
2067-689 
2118-642 
2170-103 
2221  -976 
2274-267 
2326-941 
2380-026 
2433-608 
2487-386 
2641  '664 
2696-313 
2651  -868 


Coefficient 

540. 

Dc= 

4-17  I  VT?. 


796-493 
826-695 
863-434 
900-701 
938-489 
976-793 
1015-603 
1064-914 
1094-719 
1135-013 
1175-789 
1217*043 
1258-768 
1300-969 
1343-612 
1386-720 
1430-280 
1474-286 
1618-786 
1563-622 
1608-944 
1664-697 
1700-868 
1747-467 
1794-483 
1841-911 
1889-763 
1938-000 
1986-651 
2035-706 
2085*152 
2134-996 
2185*229 
2235*851 
2286*858 
2388*246 
2390*015 
2442*159 
2494*678 
2547*668 


Coefficient 
•518 
D  = 

4ZVT«. 


758-287 
793*015 
828-257 
864-006 
900-264 
936-997 
974-226 
1011-936 
1060-120 
1088-772 
1127*886 
1167*460 
1207-485 
1247-967 
1288-872 
1330-224 
1372-009 
1414-223 
1466-862 
1499-919 
1543-394 
1587-288 
1631-673 
1676-274 
1721-375 
1766-870 
1812 '763 
1859-045 
1905-714 
1952-769 
2000-202 
2048-013 
2096-201 
2144-761 
2193-690 
2242*985 
2292-644 
2342-663 
2393-043 
2443-778 
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4eS  THE  DISCSARQE  OP   fTATER  FROM 

TABLS  m.—rarfrnXng  tU  ltta%  Tttovtm  fnm  On  Jfiaimitm  Fb 
Suiftite,  M  Mill  Bam,  atnamt,  itmd  SSnn  viU  latfi™  C*o« 

For  tba  Telodtr  in  fM(  p«r  mlDuta,  moltipV  by  S. 


l^° 

1 

'it 

l|i 

i 

m 

lii 

ill 

81 

67-64 

68-86 

82 

68-47 

6977 

83 

84 

6B-31 
70-14 

70-68 
71-68 

65 

70-98 

72-60 

66 

71-81 

73-42 

87 

72-65 

74-33 

88 

73-<8 

75-24 

89 

74-32 

76-16 

90 

76-15 

77-08 

91 

76-99 

77-99 

B2 

76-82 

78-91 

93 

77-66 

79-83 

94 

73-49 

80-75 

95 

79-33 

81-67 

98 

80-16 

82-59 

97 

81-00 

83-61 

98 

8] -83 

81 -43 

99 

82-67 

85-36 

100 

83 -50 

86-28 

101 

84-34 

87-20 

102 

85-17 

88-13 

103 

86-01 

89-06 

104 

86-84 

89-98 

106 

87-68 

90-91 

106 

88-51 

91-84 

107 

89-35 

92-77 

108 

90-18 

93-69 

109 

91-02 

94-62 

110 

91-85 

96-55 

111 

92-69 

96-49 

112 

83-52 

97-42 

113 

94-36 

98-35 

114 

95-19 

99-28 

115 

96  03 

100-21 

118 

96-88 

101-15 

117 

97-70 

102-08 

1    38     131-73     S079||     78     1  BS'IS  1 66-13 

118 

98-63 

103  fl3 

39        82-57     Sl-85        79       65-97     87-01 

119 

99-37 

10S-9S 

1    40    1  33-40    32-61       80       66-80    67-96 

120 

100-20 

lOJ-89 
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TABLE  Vin.—ForJindiMiheMMn  Veloeitiaof  Water Jlowing  in  Pipe$,  Draku, 
Str»am$,  and  £twr».— For  a  full  cyUndricafplpe,  divide  t£e  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

Dtamei6nqfjripe$iint^to2ineke$.    FatUpermOeliaekiolifMt. 


FaUs  j>er  mQe  in  feet  and 

mohee,  and  the 

hydraulic  inclinations. 

<*  Hydraulic  mean  depths,** 

or  "  mean  radii,** 

and  velocities  in  inches  per  seoond. 

Falln. 

Inclinations 
one  in 

Ainch. 

iinch. 

iJnch. 

linnh. 

iinnh. 

F.     I. 

0     1 

68360 

•14 

•24 

•88 

•49 

•57 

0    2 

81680 

•22 

•37 

•59 

•76 

•90 

0    8 

21120 

•28 

•48 

75 

•97 

115 

0    4 

15840 

•84 

•57 

•89 

1^15 

1-86 

0    5 

12672 

•88 

•65 

1^02 

1^30 

155 

0    6 

10560 

•42 

•72 

118 

1-45 

1-72 

0    7 

9051 

•46 

•78 

1-24 

1^58 

1^88 

0    8 

7920 

•50 

•85 

188 

1-71 

2-02 

0    9 

7040 

•53 

•90 

1-48 

188 

2-16 

0  10 

6886 

•57 

•96 

1^51 

1-94 

2^30 

0  11 

6760 

•60 

1-01 

1^60 

1^96 

2  42 

1    0 

5280 

•63 

1^06 

1-68 

215 

2  54 

1     8 

4224 

•71 

1-20 

1-90 

248 

2-88 

1    6 

8520 

•79 

1-38 

2  10 

2-69 

819 

1    9 

8017 

•87 

146 

2  29 

2^94 

8  48 

2    0 

2640 

•98 

1-56 

2  47 

8  16 

8  75 

2    8 

Interpolated. 

•99 

1-67 

2^68 

8  37 

3^99 

2    6 

2112 

1^05 

1-77 

2^79 

8-58 

4^24 

2    9 

Interpolated. 

1-11 

1^87 

2^94 

3^77 

4^47 

8    0 

1760 

1-16 

1-96 

8-09 

8^96 

4^69 

8    8 

Interpolated. 

1-21 

2^05 

8^28 

414 

4-91 

8    6 

1508 

1^26 

214 

8-87 

4  32 

5^12 

8    9 

Interpolated. 

1-81 

2-22 

3-50 

4-48 

5^81 

4    0 

1820 

1-86 

2  80 

8*68 

4-65 

5-51 

4    6 

Interpolated. 

1-45 

2-45 

8  87 

4-96 

6  •88 

5    0 

1056 

1-54 

2-61 

4  11 

6^27 

6^24 

5    6 

Interpolated. 

1^62 

2-76 

4  88 

5  56 

6^58 

6    0 

880 

1^71 

2^89 

4-55 

6-88 

6-91 

6    6 

Interpolated. 
754 

1-78 

8-02 

4-76 

6-10 

7  22 

7    0 

1-86 

815 

4-97 

6^36 

7-54 

7    6 

Interpolated. 

198 

8^27 

5^16 

6-61 

7-83 

8    0 

660 

2-01 

8  39 

5-85 

6-86 

8-12 

8    6 

Interpolated. 

2-07 

3^51 

5-58 

7-09 

8-40 

9    0 

587 

2^14 

3  62 

5-72 

7-82 

8^68 

9    6 

Interpolated. 

2-20 

8-74 

6-89 

7-55 

8-94 

10    0 

528 

2^28 

3-85 

6-07 

7-77 

9-21 

10    6 

Interpolated. 

2-33 

8-96 

6^24 

7-99 

9-47 

11    0 

480 

2-40 

4  06 

6  40 

8-20 

9^72 

11     6 

Interpolated. 

2^46 

4^16 

6-57 

8-41 

9-97 

12    0 

440 

2-52 

4  27 

6  73 

8-62 

10-21 

tieo  p.  208. 
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TABLE  rm.—RrJtniina  tit  Mean  VeloeiHea  qf  Water  1l<mimg  m  Tipm,  Draima, 
Streams,  and  Biven.— Far  a  full  cylindrical  pipe,  divida  the  diameter  by  4  to 
iind  the  hydraulic  mean  depth. 

Diameten  qfpipet  \  nuik  to  2  mcAm.    FdOi  per  mOe  13  feet  to  52B0ffet. 


Falla  per  mile  In  feet,  and  the 

"Hydraulic  mean  depths/'  or  "mean  radii,'* 

hydraulic  inclination. 

and  velocities  in  inches  per  second. 

FallB. 

IndinationB 
one  in 

A  inch. 

iinch. 

iinch. 

1  inch. 

iindi. 

P. 
13-2 

400 

2-66 

4-50 

7-10 

9-10 

1078 

13-6. 

Interpolated. 

2-71 

4-59 

7-24 

9-27 

10-98 

141 

376 

2-76 

4-67 

7-87 

9-44 

11-18 

14-6 

Interpolated. 

2-82 

4-76 

7-62 

9-63 

11-41 

15*1 

850 

2-87 

4-85 

7-66 

9-82 

11-63 

15-6 

Interpolated. 

2-94 

4-96 

7-83 

10-08 

11-88 

16-2 

825 

8-00 

6-07 

7-99 

10-24 

12-13 

17-6 

800 

8-14 

6-30 

8-37 

10-72 

12-70 

19-2 

275 

8-30 

6-58 

8-80 

11-27 

18-85  1 

21-1 

250 

8-48 

6-89 

9-39 

11-90 

14-10 

23-5 

225 

8-70 

6-26 

9-87 

12-65 

14-99 

26-4 

200 

8-96 

6-70 

10-57 

18-54 

1604 

80-2 

175 

4-28 

7-24 

11-42 

14-63 

17-38 

85-2 

150 

4-68 

7-92 

12-49 

16-00 

18-96 

87-7 

140 

4-88 

8-24 

13-00 

16-66 

19-74 

42-2 

125 

6-21 

8-81 

13-90 

17-80 

21-09 

48- 

110 

5-62 

9-60 

14-98 

19-19 

2274 

62-8 

100 

5-94 

10-05 

16-85 

20-30 

24-06 

68-7 

90 

6-88 

10-69 

16-87 

21-61 

26-60 

66- 

80 

6-78 

11-47 

18-10 

28-17 

27-46 

76-4 

70 

7-35 

12-42 

19-59 

25-09 

29-78 

88- 

60 

8-05 

13-61 

21-48 

27-61 

32-60 

105-6 

50 

8-99 

15-19 

23-96 

80^9 

86-37 

117-8 

45 

9-57 

16-18 

25-68 

8270 

88-76 

132-0 

40 

10-28 

17-37 

27-41 

86-11 

41-60 

150-8 

85 

11-14 

18-84 

29-71 

88-06 

45-10 

176- 

80 

12-28 

20-68      82-62 

41-78 

49-61 

212-2 

25 

13-66 

28-09      86-48 

46-67 

55-80 

264. 

20 

15-64 

26-44 

41-71 

63-43 

68-80 

852- 

15 

18-61 

31-46 

49-63 

63-57 

75-38 

628- 

10 

23-78 

40  11 

68-28 

81-06 

96  05 

586-7 

9 

25-26 

42-70 

67-87 

86-29 

102-26 

660- 

8 

27-08 

45-78 

72-22 

92-61 

109-61 

754-8 

7 

29-29 

49-51 

78-10 

100-04 

118-54 

880-0 

6 

82-05 

64-16 

85-48 

109-48 

129-66 

1056- 

5 

85-08 

60-16 

94-89 

121-64 

144-02 

1320- 

4 

40-40 

68-29 

107-78 

137-99 

168-61 

1760- 

8 

47-48 

80-25 

126-61 

162-17 

192-16 

2640- 

2 

59-47 

100-63 

158-69 

208-14 

240-70 

5280- 

1 

88-13 

148-97 

285-02 

301-04 

35670 

Beep,  aofii 
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TABLE  VIII.—Fvr  findima  the  Mean  VeloeUiet  of  Water  flowing  in  Pipet,  Draiat, 
Stream*,  and  Riven.— vat  a  fall  cylindrical  pipe,  divide  the  diameter  by  4  to 
^nd  the  hydraulic  in^ftn  depth. 

JHameUn  qfj^pee  2^  inehee  to  6  inekee.    FdUe  per  miU  1  imdk  to  12  feet. 


Falls 

I  per  mile  in  feet  and 
mchee,  and  the 
iraolio  incUnationa. 

"  Hydraulic  mean 

depths." 

or  "mean 

radii," 

hyc 

and  velocitiea  in  inches  per  second. 

Falls. 

Indinationa   | 
one  in 

1 

finch. 

iinch. 

Jinch. 

linch. 

IJ  in. in- 
terpolated. 

F. 

I. 

0 

1 

63360 

•65 

•73 

•79 

•85 

•96 

0 

2 

31680 

1-02 

113 

1-23 

1-83 

1-49 

0 

8 

21120 

1-30 

1-45 

1-58 

1-70 

1-91 

0 

4 

15840 

1-54 

1-71 

1-87 

2-01 

2-26 

,       0 

5 

12672 

1-76 

1-95 

2-13 

2-29 

2-58 

'       0 

6 

10560 

1-95 

217 

2-36 

2-55 

2-86 

0 

7 

9051 

213 

2-37 

2-58 

2-78 

8-18 

0 

8 

7920 

2-30 

2-55 

2-78 

3  00 

8-37 

0 

9 

7040 

2-46 

2.73 

2-98 

8-21 

3-61 

0 

10 

6336 

2-61 

2-90 

816 

8-40 

8-88 

1       0  11 

5760 

2-76 

3  06 

3-33 

3-59 

4-04 

1 

0 

5280 

2-89 

3-21 

8-50 

8-77 

4-24 

1 

8 

4224 

3-28 

3-64 

3-97 

4-27 

4-81 

1 

6 

3520 

3-63 

4-03 

4-39 

4-78 

5-32 

1 

9 

8017 

3-96 

4.39 

4-79 

516 

6^80 

2 

0 

2640 

4-26 

4-73 

616 

5-55 

6-25 

2 

8 

Interpolated. 

4-65 

5-04 

5-50 

5-92 

6-66 

2 

6 

2112 

4-83 

5-35 

5-84 

6-29 

7-07 

2 

9 

Interpolated. 

5-09 

5*64 

6-15 

6-12 

7-46 

3 

0 

1760 

5-34 

5-92 

6-46 

696 

7-88 

i      8 

3 

Interpolated. 

5-58 

6-19 

6-75 

727 

8-18 

8 

6 

1508 

5-82 

6-46 

7-04 

7-59 

8-58 

3 

9 

Interpolated. 

6  05 

6-71 

7-31 

7^88 

8-86 

4 

0 

1320 

6-27 

6-95 

7-58 

8-17 

9-19 

4 

6 

Interpolated. 

6-69 

7-42 

8  09 

8-71 

9-80 

5 

0 

1056 

7-10 

7-88 

8-59 

9  25 

10-41 

5 

6 

Interpolated. 

7-48 

8-30 

9-05 

9-76 

10-97 

6 

0 

880 

7-86 

8-72 

9-51 

10-25 

11-53 

6 

6 

Interpolated. 

8-22 

9-12 

9.94 

10-71 

12-05 

7 

0 

754 

8-57 

9-51 

10-37 

11-17 

12-57 

7 

6 

Interpolated. 

8-92 

9-89 

10-78 

11-62 

1306 

8 

0 

660 

9-24 

10-25 

11  18 

12  04 

13-64 

8 

6 

Interpolated. 

9-55 

10-60 

11-56 

12-46 

14-01 

9 

0 

587 

9-87 

10-95 

11-94 

12-86 

14-47 

9 

6 

Interpolated. 

1018 

11-28 

12-81 

13-26 

14.91 

10 

0 

528 

10-48 

11-62 

12-67 

18-65 

15-36 

10 

6 

Interpolated. 

10-77 

11-95 

13-08 

14  08 

15-78 

11 

0 

480 

1106 

12-27 

13-88 

14-41 

16-21 

11 

6 

Interpolated. 

11-34 

12-58 

13-72 

14-82 

16*64 

12 

0 

440 

11-62 

12-89 

r 

14-05 

16-22 

17  07 

470 


TEE  DISCHABGE  OF  WATER  FBOM 


TABLE  nil.--rkft 


find  the  hydimulic  mean  depth. 


the  Mtam  TtloeiN  </  WaUrJUmrngm 
—Yat  %  hill  eylixidricaf  pipe,  dlTiae  the  dfamater  b>  4  to 


JMUfer  mU0  IZfmt  to  5880  ftH. 


ralk  per  mOe  in  f eet  aad 

ineheo,  and  the 

hjdranlk  indinetiflm. 

«« HjdxvDlic  mean  deptha,"*  or  *'  mean  ndO," 
and  Telodtiee  in  inches  per  aecond. 

lUlflL 

one  in 

iindk. 

finch. 

{inch. 

linch. 

liin.in- 
texpcdated 

F. 

18-2 

400 

12*26 

13*60 

14*83 

15-98 

17*98 

18-6 

Interpolated. 

12-49 

13-86 

1511 

16-28 

18*31 

141 

875 

12-72 

14-11 

15*39 

16-58 

18*65 

14-6 

Interpolated. 

12-98 

14-89 

15-70 

16-91 

19*02 

151 

350 

13*28 

14*68 

16*00 

17-24 

19-40 

15-6 

Interpolated. 

18-52 

14*99 

16*85 

17*62 

19*81 

16-2 

825 

13-80 

15-31 

16-79 

17*99 

20*23 

17-6 

800 

14*45 

16-02 

17-48 

18-83 

2118 

19-2 

275 

1519 

16-85 

18*37 

19*79 

22*26 

211 

250 

16  04 

17-80 

19*40 

20*91 

23*52 

23-5 

225 

1705 

18*91 

20-62 

22-21 

24*99 

26-4 

200 

18-25 

20*24 

22*07 

28-78 

26*75 

80-2 

175 

19-71 

21*87 

23*85 

25*69 

28-90 

35*2 

150 

21*57 

23-92 

26-09 

28  11 

31*62 

37-7 

140 

22-45 

24*91 

27*16 

29*26 

32*92 

42-2 

125 

23-99 

26*62 

29-03 

31*27 

3518 

48- 

110 

25*87 

28-69 

31*29 

38-71 

37-92 

52-8 

100 

27*86 

30-35 

83*10 

35*66 

40*11 

58-7 

90 

2912 

82-81 

35*23 

37*96 

42*69 

66* 

80 

31-23 

34-64 

37*78 

40*70 

45*79 

75-4 

70 

33*82 

37-51 

40*91 

44*07 

49-58 

880 

60 

37  08 

41*18 

44-86 

48*33 

54*86 

105-6 

50 

41*87 

45-78 

50*04 

58*91 

60*65 

1      117*3 

45 

44  08 

48-89 

53-82 

57*44 

64-62 

132* 

40 

47-32 

52-49 

57*25 

61-67 

69*37 

150*8 

35 

51*80 

56*90 

6206 

66-86 

75*20 

176* 

30 

56-32 

62-47 

68-13 

78-40 

82*56 

211-2 

25 

62*90 

69-77 

76*09 

81*97 

92*21 

264* 

20 

7201 

79*87 

87*11 

93-84 

105*56 

352* 

15 

85*68 

95*05 

103-66 

111*67 

125*61 

528* 

10 

109-26 

121  19 

132-17 

142*39 

160*17 

586-7 

9 

116*31 

129*01 

140-70 

151-58 

170*50 

660* 

8 

124*68 

188-80 

150*83 

162*49 

182*78 

754*3 

7 

184*84 

149*57 

168  12 

175-73 

197-67 

880- 

« 

147*69 

168-60 

178-42 

192*22 

216-22 

1056* 

5 

163*82 

181*71 

198-17 

213-50 

240*15 

1820* 

4 

185*99 

206*31 

225*00 

242-39 

272*66 

1760* 

3 

218*58 

242*46 

264-42 

284-86 

320-43 

2640* 

2 

278-79 

308-70 

381*22 

356-82 

401*87 

5280* 

1        1 

405-74 

450  07 

490-84 

528*76     594-82  j 
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TABLE  yUI.—TorfimSkM  the  Mean  VdoeUiM  ^  Water  Jomng  in  Pipei,  Drain*, 
Stream*,  and  JStonv.— For  a  full  cylindrical  pipe,  divide  the  diameter  bv  4  to 
find  the  hydraulic  mean  depth.  Opsh  draihs  ahd  ftpw.— Diameter*  vpipet 
6  inekee  to  12  ineke*.    Fall*  per  mOe  1  inch  to  lifeet. 


Falls  per  mile  in  feet  and 

inches,  and  the 

hydraulic  inclinations. 

*'  Hydraulic  mean  depths/'  or  "  mean 
and  velocities  in  inches  per  second 

l"^" 

Falls. 

Inclinations 
one  In 

lilnch. 

IJ  in.  In- 
terpolated 

2  inches. 

2iinches 

3  inches. 

F.     I. 
0     1 

63360 

107 

115 

1*24 

1*40 

1*56 

0     2 

31680 

1-66 

1-80 

1*94 

2-19 

2-41 

0    8 

21120 

2  12 

2-80 

2*48 

2-80 

8-08 

0     4 

16840 

2-62 

2*73 

2-94 

8-34 

8-66 

0    5 

12672 

2-86 

8-11 

8-36 

3*77 

416 

0    6 

10560 

3-18 

8-46 

8*72 

4*19 

4*62 

0    7 

9061 

3-47 

8-77 

4*06 

4*68 

6-04 

0    8 

7920 

3-76 

4-06 

4*38 

4*94 

6-44 

0    9 

7040 

4-01 

4-84 

4-68 

6-28 

5-81 

0  10 

6336 

4-26 

4-61 

4-97 

5*60 

6-17 

0  11 

6760 

4*49 

4*86 

6-24 

6*91 

6-51 

1     0 

6280 

4-71 

6-11 

6-61 

6*21 

6-84 

1     8 

4224 

6-84 

6-79 

6*24 

7-03 

7*75 

1     6 

3620 

6-91 

6-41 

6-91 

7-79 

8*68 

1     9 

8017 

6-44 

6-99 

7-68 

8*49 

9-35 

2    0 

2640 

6-94 

7*63 

8  11 

914 

10*07 

2    8 

Interpolated. 

7-40 

8  03 

8-66 

9*74 

1074 

2    6 

2112 

7-86 

8*62 

9  18 

10-85 

11*40 

2    9 

Interpolated. 

8-28 

8*98 

9-67 

10-90 

12*01 

3    0 

1760 

8-70 

9-43 

10-16 

11-45 

12-62 

3    8 

Interpolated. 
1608 

9-09 

9-85 

10-62 

11-97 

18*19 

8    6 

9-48 

10-28 

11*08 

12-48 

18-76 

3    9 

Interpolated. 

9-84 

10-67 

11-60 

12-96 

14*29 

4    0 

1320 

10-21 

11-07 

11*93 

13-44 

14*81 

4    6 

Interpolated. 

10-89 

11-80 

12-72 

14-34 

15-80 

5    0 

1066 

11-66 

12-64 

13-61 

15-28 

16-78 

5    6 

Interpolated. 

12-18 

13-21 

14*24 

16-04 

17-68 

6    0 

880 

12-80 

18-88 

14-96 

16*86 

18-58 

6    6 

Interpolated. 

13-38 

14-51 

16-64 

17*62 

19*42 

7    0 

764 

13-96 

1614 

16-82 

18-89 

20*26 

7    6 

Interpolated. 

14-61 

16-73 

16-96 

1910 

21-05 

8    0 

660 

16-06 

16-82 

17-68 

19*82 

21*84 

8    6 

Interpolated. 

16*66 

16-87 

18-18 

20*49 

22*68 

9    0 

687 

16-07 

17-43 

18-78 

21-17 

23-32 

9    6 

Interpolated. 

16.67 

17-97 

19-36 

21*82 

24*04 

10    0 

628 

17-06 

18-60 

19-94 

22-47 

24-76 

10    6 

Interpolated. 

17*64 

19-01 

20-49 

23*09 

25-46 

11     0 

480 

18*01 

19-68 

21*04 

23*72 

26-13 

11     6 

Interpolated. 

18-47 

20-02 

21*67 

24-32 

26-79 

12    0 

440 

18-92 

20-61 

22*11 

24-91 

27-46 
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TABLE  Vin.—l^JUtdima  ike  l£«an  VdoeUin  tf  WaUrJUving  im  Fipm^  Draitu. 
Stream;  and  Biven.—Far  a  ftill  cylindrical  ]^pe,  divide  tiie  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

qfpipe$6i»elke$ioUiMeke$.    JP\ttlUper  miU  13  feeHoS2S0  feel. 


Falla  per  mile  in  feet,  and 

' '  Hydraulic  mean  depths," 

or  "mean 

iwdii." 

the  hydraulic  InclinaMona. 

and  Telodtiea  in  inches  per  aeoond.            1 

Falls. 

IncUnatioiifl, 
one  in 

1^  inches 

2  inches. 

2)  inches 

8  inches. 

3}  inches 

F. 
18-2 

400 

19-97 

28-84 

26-30 

28-98 

31-44 

18-6 

20*84 

28-77 

26-79 

29-62 

32-08 

14  1 

875 

20-72 

24-21 

27-28 

30  06 

82-62 

14-6 

21  18 

24-69 

27-88 

80-67 

88-27 

15-1 

850 

21-66 

25-18 

28-88 

31-27 

88-98 

15-6 

22-01 

26-72 

28-99 

81-94 

84-66 

16-2 

825 

22-48 

26-27 

29-60 

82-62 

85-39 

17-6 

800 

28-68 

27-60 

30-99 

34-15 

87-06 

19-2 

275 

24-74 

28-90 

82-57 

85-89 

88-94 

21  1 

250 

26-18 

80-63 

84-41 

37-91 

41-14 

23-6 

225 

27-76 

32-44 

86-56 

40-28 

48-71 

26-4 

200 

29-72 

84-72 

89-13 

43  12 

46-79 

80-2 

175 

32-11 

87-52 

42-28 

46-69 

60-55 

85-2 

150 

86  18 

41-04 

46-26 

60-97 

66-30 

87-7 

140 

86-57 

42-78 

48-16 

63  07 

67-58 

42-2 

125 

89-08 

45-66 

61-46 

66-71 

61-63 

48- 

110 

42  13 

49-28 

65-48 

61-13 

66-33 

62-8 

100 

44-57 

62-07 

68-69 

64-67 

70-17 

58-7 

90 

47-43 

66-42 

62-46 

68-88 

74-68 

66- 

80 

60-87 

69-44 

66-99 

78-81 

80-09 

76-4 

70 

65-08 

64-86 

72-50 

79-92 

86-72 

88- 

60 

60-89 

70-57 

79-58 

87-63 

95-09 

105-6 

60 

67-88 

78-73 

88-73 

97-77 

106-08 

117-8 

45 

71-79 

83-88 

94-64 

104-17 

118-08 

182- 

40 

77-07 

90-06 

101-50 

118-84 

121-35 

160-8 

85 

83-66 

97-68 

110-03 

121-24 

131 -65 

176- 

80 

91  -72 

107-18 

120-79 

138-10 

144-41 

211-2 

25 

102-44 

119-70 

184-90 

148-66 

161-29 

264- 

20 

117-28 

137-03 

154-44 

17018 

184-65 

352- 

15 

189-66 

168  06 

183-78 

202-60 

219-72 

528- 

10 

177-95 

207-92 

284-33 

258-21 

280-16 

586-7 

9 

189-48 

221-84 

249-45 

274-87 

298-24 

660- 

8 

203-07 

237-28 

267-42 

294-67 

819-72 

764-8 

7 

219-61 

266-61 

289-20 

318-67 

345-77 

880- 

6 

240-22 

281-36 

316 '38 

848-57 

378-20 

1056- 

5 

266-81 

811-76 

361-86 

387-16 

420-07 

1820- 

4 

302-92 

863-95 

398-91 

439-66 

476-98 

1760- 

8 

866-00 

416-96 

468-80 

516-57 

660-49 

2640- 

2 

446-98 

621-04 

687-22 

647-06 

702-08 

6280- 

1 

660-84 

772-16 

870-23 

968-91 

1040-44 
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TABLE  Vin.'-Fbrfinding  the  Mean  VeloeUiee  qf  Water Jlowing  in  Pipei,  Draine, 
Streams,  and  Bieen.— For  a  full  cylindrical  pipe,  dlTido  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
IHameters  qfpipee  14  inehee  to  22  inehee.    Falle  per  mile  1  inch  to  12  feet. 


Falls  per  mile  in  feet  and 

**  Hydraulic  mean  depths," 

or  "mean radii," 

hydraulic 

inclinations. 

and  yelocities  in  Inches  per  second. 

FUUa. 

Inclinations, 
one  in 

Scinches 

4inehes. 

4}  inches 

5  inches. 

Scinches 

F.     I. 
0     1 

68360 

1-68 

1-80 

1-91 

2-02 

2-13 

0     2 

81680 

2-61 

2-81 

2-98 

3-15 

3-82 

0    8 

21120 

8-34 

3-59 

8-82 

4-03 

4-24 

0     4 

15840 

3-96 

4-25 

4-52 

4-78 

5-02 

0     5 

12672 

4-51 

4-84 

5  15 

5-44 

5-72 

0    6 

10560 

5-01 

5-37 

5-72 

6-04 

6-35 

0     7 

9051 

5-47 

5-87 

6-24 

6-60 

6-94 

0    8 

7920 

5-90 

6-33 

6-74 

7-12 

7-48 

0    9 

7040 

6-31 

6-77 

7-20 

7-61 

8-00 

0  10 

6386 

6-70 

7-18 

7-64 

8-08 

8-49 

0  11 

5760 

7-06 

7-58 

8-06 

8-52 

8-96 

1     0 

5280 

7-42 

7-96 

8-47 

8-95 

9-41 

1     8 

4224 

8-41 

9-02 

9-60 

10-14 

10-66 

1     6 

8520 

9-31 

9-99 

10-68 

11-23 

11-80 

1     9 

8017 

10-15 

10-89 

11-58 

12-24 

12-86 

2    0 

2640 

10-93 

11-73 

12-47 

13-18 

18-86 

2    3 

Interpolated. 

11-65 

12.50 

18-80 

14-05 

14-77 

2    6 

2112 

12-37 

13-28 

14-12 

14-98 

15-69 

2    9 

Interpolated. 

18-03 

18-68 

14-88 

15-72 

16-53 

8    0 

1760 

13-69 

14-69 

15-68 

16-52 

17-36 

8    8 

Interpolated. 

14-31 

15-35 

16-33 

17-26 

18-14 

3    6 

1508 

14-92 

16-01 

17-03 

18-00 

18-92 

8    9 

Interpolated. 

15-50 

16-63 

17-69 

18-70 

19-65 

4    0 

1820 

16-07 

17-25 

18-85 

19-39 

20-38 

4    6 

Interpolated. 

17-14 

18-39 

19-56 

20-68 

21-73 

5    0 

1056 

18-21 

19-58 

20-78 

21-96 

23-08 

5    6 

Interpolated. 

19-18 

20-58 

21-90 

23-14 

24-32 

6    0 

880 

20-16 

21-63 

28-01 

24-32 

25-56 

6    6 

Interpolated. 

2107 

22-61 

24-05 

25-42 

26-72 

7    0 

754 

21-98 

28-59 

25  09 

26-52 

27-87 

7    6 

Interpolated. 

22-84 

24-50 

26-07 

27-55 

28-96 

8    0 

660 

23*69 

25-42 

27  04 

28-68 

30-04 

8    6 

Interpolated. 

24-50 

26-29 

27-97 

29-55 

31-06 

9    0 

587 

25-31 

27-54 

28-89 

80-53 

32-09 

9    6 

Interpolated. 

26  09 

27-99 

29-78 

31-47 

33-08 

10    0 

528 

26-87 

28-88 

80-67 

32-41 

84-06 

10    6 

Interpolated. 

27-61 

29-62 

81-52 

38-81 

85  01 

11     0 

480 

28-35 

30-42 

32-87 

84-20 

85-95 

11     6 

Interpolated. 

29-07 

31-19 

88-18 

35-07 

86-86 

12    0 

440 

29-79 

31-96 

84  00 

85-98 

37-77  : 
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TABLE  VIII.-^V^JLmaSma  ik*  Meam  ^feetfiw  of  Water ilomMg  m  P^.  DrauM, 
AreoiM,  oMd  IUioen,—rcft  a  full  cylindrical  pipa,  divide  tiio  diameter  by  4  to 
find  the  hydnuilic  mean  depth. 


Falls  per  mile  in  feet 

"  Hydraulic  mean  deptha," 

or  "mean radii," 

hydnuilic  inclinatkma. 

and  Tolocities  in  inches  per  second. 

Falla. 

1 

Inclination, 
one  in 

4  inches.  4iinchfla  5  inches.  5iinche8 

6  inches. 

F. 

18-2 

400 

33-74 



35-89 

37-93 

39-87 

41-72 

13-6 

Interpolated. 

34-37 

86-56 

38-64 

40*61 

42-50 

14-1 

375 

35-00 

37-23 

39-35 

41*36 

43-28 

14*6 

Interpolated. 

35-70 

37-98 

40-14 

4219 

44-15 

15  1 

350 

36-40 

88-73 

40-92 

43-02 

45  01 

15-6 

Interpolated. 

37  19 

39*56 

41-81 

48*94 

45*99 

16-2 

825 

87-97 

40-40 

42-69 

44*87 

46-96 

17-6 

300 

3975 

42-29 

44-69 

46-97 

4916 

19-2 

276 

41-78 

44-45 

46-97 

49-38 

51*67 

21  1 

250 

4414 

46-95 

49-62 

5216 

54-58 

23-6 

226 

46-90 

49*90 

62-72 

65-42 

58  00 

26-4 

200 

50-20 

53-41 

56-44 

59-32 

62*08 

30-2 

175 

54*24 

67-71 

60-98 

64  10 

67*07 

35-2 

150 

59-34 

68-13 

66-71 

70*12 

73*87 

37*7 

140 

61-78 

65-72 

69-45 

73-00 

76*89 

42-2 

125 

66-02 

70-23 

74-22 

78-01 

81-64 

48' 

110 

7117 

75-72 

80  01 

84-10 

88-00 

62-8 

100 

75-29 

80-09 

84-64 

88-97 

98  10 

58-7 

90 

80-18 

85-25 

90*08 

94-69 

99-09 

66- 

80 

85-93 

91-42 

96*61 

101-54 

106-26 

76-4 

70 

93  04 

98*98 

104*60 

109-95 

115-05 

88- 

60 

102-02 

108-54 

114-70 

120*56 

126-16 

105-6 

50 

113-82 

121*09 

127-96 

134-50 

14074 

117-8 

45 

121-27 

129  01 

136*34 

143-80 

149-96 

182- 

40 

130-20 

188-51 

146*88 

153*86 

161-00 

150-8 

86 

141-14 

150-16 

158*68 

166-79 

174-63 

176- 

30 

154-95 

164-84 

174*20 

183  10 

191-61 

211-2 

26 

173-05 

184-10 

194-56 

204-50 

214-00 

264- 

20 

198-12 

210-77 

222*78 

284*11 

244-98 

852- 

15 

235-76 

250-80 

265-04 

278-68 

291-62 

528- 

10 

800-60 

319-80 

337*95 

355*22 

871-71 

686-7 

9 

820-00 

840-48 

859-76 

378  14 

39570 

660- 

8 

343-04 

359*65 

385-67 

405-87 

424-20 

754-3 

7 

370-99 

394-68 

417-08 

488-39 

468-76 

880- 

6 

405-79 

431*70 

456*21 

479-52 

60179 

1056- 

6 

450-71 

479-49 

506*71 

632-60 

657-84 

1320- 

4 

511-72 

544-39 

576*80 

604-69 

682-78 

1760- 

3 

601-38 

689*78 

676  10 

710-64 

743-66 

2640- 

2 

758-29 

801*39 

846*89 

890-16 

931  -60 

5280- 

1 

1116-35 

1187-62 

1256-04 

1319-17 

1880-44 

1 
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TABLE  VIIL—ForJUtdiM  the  Mean  VeloeUies  of  Water JUnriug  m  Pipe*.  DrainM, 
Streame,  and  Bicer9.—l!he  hydraulic  mean  depth  is  found  for  all  duumels,  by 
dividixkg  the  wetted  perimeter  into  the  area. 
HgdrauUe  mean  depthe  tf  inekee  to  10  inchee.    JMle  per  mile  1  inek  to  12  feet 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inclinations. 

6  inches. 

'draulicme( 
ftnd  velocitj 

7inchaa. 

em  depthn,"  or  "  mean 
les  in  inches  per  secon 

8  inches.    9  inches. 

radii,'* 
d. 

Falls. 

Inclinations, 
one  in 

10  inches. 

F.    I. 
0     1 

68860 

2-28 

2*41 

2*58 

2*75 

2*90 

0     2 

81680 

3-47 

3*76 

4  03 

4-28 

4-52 

0     8 

21120 

4-43 

4-80 

6-15 

5*47 

6-78 

0     4 

15840 

5-26 

5-69 

6-10 

6-49 

6*85 

0     5 

12672 

5-98 

6*48 

6*95 

7-89 

7*80 

0    6 

10560 

6-65 

7*20 

7*72 

8*20 

8-66 

0     7 

9051 

7-26 

7*86 

8*48 

8*96 

9-46 

0    8 

7920 

7-88 

8*48 

9  09 

9*67 

10*21 

0     9 

7040 

8-37 

9-07 

9*72 

10*88 

10*91 

0  10 

6886 

8-88 

9-63 

10-82 

10*97 

11*58 

0  11 

6760 

9-37 

10*16 

10*89 

11*67 

12-22 

1     0 

5280 

9-84 

10*67 

11-43 

12*15 

12*83 

1     3 

4224 

11-16 

12-09 

12*95 

18*77 

14*54 

1     6 

8520 

12-35 

18 '38 

14-84 

15*25 

16-10 

1     9 

8017 

13-46 

14-68 

15*63 

16*61 

17*54 

2     0 

2640 

14-50 

15-71 

16-84 

17*90 

18-90 

2    8 

Interpolated. 

16-45 

16-75 

18-24 

19-08 

20*15 

2     6 

2112 

16-42 

17-79 

19-64 

20-26 

21*40 

2     9 

Interpolated. 

17*29 

18*74 

20-37 

21-84 

22*64 

3     0 

1760 

18-17 

19-69 

21-10 

22*42 

23-68 

3     8 

Interpolated. 

18-99 

20*57 

22  05 

28*48 

24-75 

3    6 

1508 

19*80 

21*46 

23  00 

24-44 

25*81 

3    9 

Interpolated. 

20-56 

22-28 

28-88 

25*38 

26*80 

4     0 

1320 

21-33 

2311 

24*77 

26*82 

27*80 

4     6 

Interpolated 

22*74 

24-64 

26-41 

28*07 

29-64 

5     0 

1056 

24-16 

26  17 

28  05 

29-81 

81*48 

5     6 

Interpolated. 

25-45 

27*58 

29-56 

81*42 

38*17 

6     0 

880 

26*76 

28*98 

8106 

38-02 

84-86 

6     6 

Interpolated. 
754 

27*96 

80*29 

32*47 

84*61 

36*44 

7    0 

29-17 

31*60 

83-87 

86*00 

38*02 

7    6 

Interpolated. 

80*80 

82*88 

85-19 

87*40 

89*60 

8    0 

660 

31-43 

34*06 

86*50 

38*80 

40-97 

8    6 

Interpolated. 

32*51 

86-22 

37-75 

40*12 

42*87 

9    0 

587 

33*58 

86*39 

38*99 

41-45 

48*77 

9    6 

Interpolated. 

34-61 

87*50 

40-20 

42*72 

45-11 

10    0 

528 

85-65 

88*68 

41*40 

44-00 

46*46 

10     6 

Interpolated. 

36*68 

89*69 

42*64 

46-22 

47*76 

11     0 

480 

37-62 

40*76 

48*69 

46*44 

49*03 

11     6 

Interpolated. 

88*67 

41-79 

44*79 

47*61 

50*27 

12    0 

440 

89*52 

42-82 

45*90 

48*78 

61*51 
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TABLE  VIII.—ForJtnaitM  the  Mean  VeU>cUig$  qf  Water  JUtmxng  in  Pipe*,  Draime, 
Stream*,  and  Biver9.—Th9  hydiuulic  mean  depth  is  found  for  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 
Hjfdramiie  iMon  depth*  ]  1  ineke*  to  21  inehe*.     B^Utper  mile  1  indk  to  12 feet. 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydntulic  incUnationa. 

"Hydraulic  mean  depths,^ 
and  velodtiee  in  inehei 

or  *'  mean  radii/' 
1  per  second. 

FaUa. 

IncUnationi^ 
one  in 

'                                    1 
11  inches  12  inches.  15  inches. 

18  inches.  21  inches. 

1 

F.    I. 

0     1 

63360 

3  05 

3-19 

3-57 

3-92 

4-25 

0     2 

31680 

4-75 

4-97 

6-57 

612 

6-62 

0     3 

21120 

6  07 

6-35 

712 

7-82 

8-46 

0     4 

15840 

7-19 

7-53 

8-44 

9-27 

10-03 

0    5 

12672 

8-19 

8-57 

9-61 

10-55 

11-42 

0    6 

10560 

910 

9-52 

10-67 

11-72 

12-68 

0    7 

9051 

9-94 

10-39 

11-66 

12-80 

18-85 

0    8 

7920 

10-72 

11-21 

12-57 

13-81 

14-94 

0    9 

7041 

11-46 

11-99 

18-44 

14-76 

15-97 

0  10 

6336 

12-16 

12-72 

14-27 

15-66 

16-95 

0  11 

6760 

12-83 

13-42 

15-05 

16-58 

17-88 

1     0 

6280 

13-48 

14-09 

15-81 

17-36 

18-78    ' 

1     S 

4224 

15-27 

15-97 

17-91 

19-67 

21-28 

1     6 

3520 

16-91 

17-68 

19-83 

21-78 

23-56 

1     9 

3017 

18-23 

19-27 

21-62 

23-73 

25-68 

2    0 

2640 

19-85 

20-76 

23-28 

25-63 

27-66 

2    3 

Interpolated. 

21  16 

22-13 

24-82 

27-29 

29-49 

2    6 

2112 

22-48 

23-61 

26-36 

28-95 

31-82 

2    9 

Interpolated. 
1760 

23-68 

24-76 

27-77 

30-49 

32-99 

3    0 

24-88 

26  02 

29-18 

82-04 

34-67 

3    3 

Interpolated. 

25-99 

27-18 

30-47 

33-48 

36-22 

3    6 

1508 

27-11 

28-35 

31-77 

84-92 

87-78 

3    9 

Interpolated. 

28  15 

29-45 

33  01 

36-26 

39-23 

4    0 

1320 

29-20 

30-54 

34-25 

37-60 

40-69 

4    6 

Interpolated. 

31-13 

32-56 

36-52 

40-10 

48-39 

5    0 

1056 

33-07 

34-59 

38-79 

42-59 

46-09 

5    6 

Interpolated. 

34-85 

■  36-44 

40-87 

44-88 

48-66 

6    0 

880 

36-62 

38-30 

42-95 

4716 

51-08 

6    6 

Interpolated. 

38-28 

40-03 

44-90 

49-30 

63-84 

7    0 

754 

39-93 

41-76 

46-84 

51-43 

65-65 

7    6 

Interpolated. 

41-48 

43-39 

48-66 

63-43 

67-81 

8    0 

660 

48  04 

45-01 

50-48 

55-42 

59-97 

8    6 

Interpolated. 

44-50 

46-54 

52-20 

67-32 

62  02 

9    0 

587 

45-97 

48-08 

58-92 

69-21 

64-06 

9    6 

Interpolated. 

47-39 

49-56 

55 -58 

61  08 

66  04 

10    0 

628 

48-80 

61-04 

57-24 

62-85 

68-01 

10    6 

Interpolated. 

50-15 

62-46 

58-83 

64-59 

69-89 

11     0 

480 

51-51 

68-87 

60-41 

66-33 

71-78 

11     6 

Interpolated. 

52-81 

55-23 

61-94 

68  01 

78-59 

12     0 

440 

54-11 

56-69 

63-47 

69-68 

75-40 
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TABLE  rin.—ForJlndina  ike  Mean  Veloeitiee  <f  Water Jlowina  in  Pipet,  Xhaitu, 
Streame,  and  £»cer».— Tne  hydraulic  mean  depth  is  found  for  all  phaViTi^la  by 
dividing  the  wetted  perimeter  into  the  area. 
HgdrauUe  mean  deptke  24  inehee  to  A  feet.    FalU  per  mUe  I  inch  to  Ufeet. 


FaUs  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  velocities  in  inches  per  second. 

fVUls. 

Inclinations, 
one  in 

24  inch. 

30  inches.  36  inches.  42  inches. 

48  inches. 

F.     I. 
0     1 

63360 

4-54 

6*09 

6-59 

6-04 

6*47 

0     2 

31680 

7  09 

7-94 

8-71 

9-42 

10-08 

0    3 

21120 

9-06 

10-15 

11-14 

12-04 

12-89 

0    4 

15840 

10-73 

12-08 

18-20 

14-27 

15-27 

0    5 

12672 

12*22 

13-69 

15-08 

16-25 

17-89 

0    6 

10560 

13-57 

15-21 

16-69 

18-05 

19-31 

0    7 

9051 

14-88 

16-61 

18-28 

19-71 

21-09 

0    8 

7920 

15-99 

17-92 

19-66 

21-27 

22-76 

0    9 

7041 

17-10 

1916 

21  02 

22-78 

24-88 

0  10 

6336 

18-15 

20-83 

22-81 

24-13 

25-82 

0  11 

5760 

19-16 

21-45 

23-54 

25-46 

27-24 

1     0 

5280 

2011 

22-58 

24-72 

26-78 

28-61 

1    3 

4224 

22-78 

25-58 

28-01 

30-29 

82-42 

1     6 

8520 

25-28 

28-27 

8102 

83-54 

35-90 

1     9 

3017 

27-49 

80-81 

88-80 

36-56 

89-12 

2    0 

2640 

29*62 

33-18 

36-41 

89 -88 

42-14 

2    3 

Interpolated. 

81-57 

85-38 

88-82 

41-98 

44-92 

2    6 

2112 

33-58 

37*57 

41-22 

44-58 

47-71 

2    9 

Interpolated. 
1760 

85-32 

89*58 

48*48 

46-96 

60-26 

3    0 

37-11 

41-58 

45-68 

49-34 

52-81 

3     3 

Interpolated. 

38-78 

43-45 

47-68 

51-66 

55-18 

3    6 

1508 

40-45 

45-32 

49-73 

63-78 

67-55 

3    9 

Interpolated. 

42-00 

47-07 

61-64 

55-86 

59-77 

4    0 

1320 

48-56 

48-81 

53-56 

67-92 

61*98 

4    6 

Interpolated. 

46-45 

52-05 

6711 

61-76 

66-09 

5    0 

1056 

49-84 

56-28 

60*66 

65-60 

70*20 

5    6 

Interpolated. 
880 

51*99 

58-25 

68*91 

69-12 

78-97 

6    0 

54-63 

61-22 

67*17 

72-64 

77*74* 

6    6 

Interpolated. 
754 

57  11 

63-99 

70*21 

75-98» 

81*26 

7    0 

59-58 

66*76 

73*25 

79-21 

84-77 

7    6 

Interpolated. 

61-89 

69-85 

76  •09* 

87-29 

88  06 

8    0 

660 

64-21 

71*94 

78-94 

85-37 

91*85 

8    6 

Interpolated. 

66-40 

74*40 

81-68 

88-26 

94-47 

9    0 

587 

68*59 

76*85» 

84-32 

91-19 

97*59 

9    6 

Interpolated. 

70*60 

79*22 

86-92 

94-00 

100*69 

10    0 

528 

72*81 

81*68 

89-62 

96-81 

108-60 

10    6 

Interpolated. 

74-83 

88*84 

91-99 

99-49 

106*47 

11    0 

480 

76*84* 

86  10 

94-47 

102-17 

109-38 

11     6 

Interpolated. 

78-78 

88*28 

96-86 

104-75 

112-10 

12    0 

440 

80-72 

90*46 

99*26 

107-38 

114-86 
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THE  DISCHARGE  OF  WATER  FROM 


TABLB  Vm.—ForJlnaiMf  th«  Kean  Vdodtiu  <f  Water  JUwima  in  Tifa,  !>»«<». 
Stretnuj  and  Siven.  — ^le  hydraulic  mean  depth  is  found  for  all  ehtfinels  by 
dlTiding  the  wetted  perimeter  into  the  area. 
MgdroKlie  mean  depiht  A  feet  6  imdkes  to  7  feet    FitUtper  mile  linA  to  Uftei. 


FaUe  per  mile  in  feet 

and  Inches,  and  the 

hydraulic  <***^H"*Hftn« 

*'  Hydraulic  mean  depths,"  or  **  mean 
and  velocity  in  inches  per  second 

radii." 

PUIS. 

IncUnationa, 
one  in 

54  inch. 

60  inches. 

66  inches. 

72  inches. 

84  incheB. 

F.     I. 
0     1 

68860 

6-86 

7-24 

• 
7*60 

7*94 

8*58 

0    2 

81680 

10-70 

11*29 

11*85 

12-38 

13*39 

0    S 

21120 

18-68 

14-62 

1514 

15-83 

1711 

0    4 

15840 

16-21 

17-10 

17*95 

18-76 

20*28 

0    5 

12672 

18-46 

19-47 

20*43 

21*35 

28-13 

0    6 

10660 

20-50 

21-68 

22-70 

28-72 

25-64 

0    7 

9051 

22*89 

23-62 

24-79 

25*90 

28*00 

0    8 

7920 

24-16 

25-48 

26*74 

27*95 

30*21 

0    9 

7041 

25-88 

27*24 

28*59 

29*88 

32-30 

0  10 

6836 

27-41 

28-91 

30*34 

81*71 

84-28 

0  11 

5760 

28-92 

80-51 

8201 

33.46 

3617 

1    0 

5280 

80-87 

32*03 

38*62 

8513 

87*98 

1    S 

4224 

34-41 

86-30 

38-10 

89*81 

43-04 

1     6 

8520 

88-10 

40-19 

42-18 

44-08 

47-65 

1     9 

8017 

41-52 

43-80 

45-97 

48-04 

61-93 

2    0 

2640 

44-73 

47*18 

49*52 

61-75 

55-94 

2    8 

Interpolated. 

47*69 

60-80 

62-79 

65-17 

59*64 

2    6 

2112 

60-65 

63-42 

66  07 

68-59 

63-34 

2    9 

Interpolated. 

58-35 

56*28 

69  06 

61-72 

66-72 

8    0 

1760 

66-06 

59*13 

6205 

64*86 

70-10 

8    8 

Interpolated. 

58-57 

61*79 

64*84 

67*76 

73-25 

8    6 

1508 

61-09 

64*44 

67*68 

70*67 

76-40* 

8    9 

Interpolated. 

63-44 

66*92 

70*23 

78-39 

79-35 

4    0 

1820 

65-80 

69*41 

72*84 

76*11* 

82-29 

4    6 

Interpolated. 

70-16 

74*01 

77*67* 

81  16 

87*74 

5    0 

1056 

74-52 

78'61» 

82*60 

86-21 

93-20 

5    6 

Interpolated. 

78-52* 

82*83 

86-92 

90*84 

98*20 

6    0 

880 

82-52 

87*05 

91*85 

95-46 

103-20 

6    6 

Interpolated. 

86-25 

90-98 

95-58 

99-78 

107-87 

7    0 

754 

89-99 

94-92 

99*62 

104*10 

112-54 

7    6 

Interpolated. 

93-48 

98*61 

103*48 

108  14 

116-91 

8    0 

660 

96-98 

102-30 

107*35 

112-19 

121-28 

8    6 

Interpolated. 

100-29 

105*79 

111*02 

11601 

125-42 

9    0 

587 

103-59 

109*27 

114-68 

119*84 

129*56 

9    6 

Intetpolated. 

106-78 

112*64 

118*21 

123*58 

133-65 

10    0 

528 

109-97 

116*01 

121*74 

127*22 

137-54 

10    6 

Interpolated. 

113-02 

119*22 

125-11 

180-74 

141-34 

11     0 

480 

116  06 

122*43 

128-48 

184*27 

146-15 

11    6 

Interpolated. 

119-00 

125*62 

131*78 

187-66 

148-82 

12    0 

440 

121-93 

128*61 

134*97 

141*05 

152-49 

ORIFICSS,   WEIRS,  PIPES,  AND  RIVERS, 
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.TABLE  VUL—FbrJindiM  the  Mean  TeloeUiea  qf  Waterjhwima  in  Pipet,  Drain*, 
Streamay  and  JKwrv.— The  hydraulic  mean  depth  la  found  tor  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 

HjfdranUo  mean  deptht  8  feet  to  12  feet.    JMle  per  mile  1  indk  to  12  feet. 


EbUb  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inclinations. 

"  Hydraulic  mean  depths,"  or  "mean  radii," 
and  velooities  in  inches  per  seoond. 

Fans. 

IncUnatioDS, 
one  in 

96  inch. 

108 
inches. 

120 
inches. 

132 

inches. 

144 
inches. 

F.    I. 
0     1 

68860 

9-18 

9-75 

10-28 

10*79 

11-27 

0     2 

31680 

14-32 

15-20 

16-08 

16-82 

17-57 

0     8 

21120 

18-80 

19-43 

20*49 

21-60 

22-46 

0    4 

15840 

21-69 

2302 

24-28 

25*47 

26-62 

0    5 

12672 

24-70 

26-21 

27-64 

29*00 

30-31 

0    6 

10560 

27-43 

29-11 

80-70 

82*21 

83*66 

0    7 

9051 

29-96 

31-80 

88-63 

86*18 

36-76 

0    8 

7920 

82-32 

84-30 

8618 

87-96 

39-66 

0    9 

7041 

34-55 

36-67 

88*67 

40*68 

42-40 

0  10 

6836 

36-67 

38-92 

41-04 

48*07 

45-00 

0  11 

6760 

38-69 

41-06 

48*31 

46-44 

47-48 

1    0 

5280 

40-68 

4312 

45*48 

47*72 

49-86 

1     8 

4224 

46  04 

48-87 

61*64 

64*07 

56-50 

1    6 

8520 

50*98 

54-11 

67*06 

69*87 

62-56 

1    9 

8017 

56-60 

68-96 

62*18 

66-26 

68-17 

2    0 

2640 

59-85 

68-52 

66*98 

70-28 

78-44* 

2    8 

Interpolated. 

63-80 

67-72 

71*41 

74*93* 

78-29 

2    6 

2112 

67-76 

71-91 

76*84» 

79*68 

83-15 

2    9 

Interpolated. 
1760 

71-38 

75-75» 

79*89 

83*88 

87-69 

8    0 

76 -00* 

79-59 

88-94 

88*08 

92-03 

8    8 

Interpolated. 

78-37 

8817 

87-71 

92*08 

96-16 

8    6 

1508 

81-74 

86-75 

91-48 

96*99 

100-30 

8    9 

Interpolated. 

84-88 

90-09 

96-01 

99-69 

10416 

4    0 

1820 

88-03 

98-48 

98-58 

108*88 

108-02 

4    6 

Interpolated. 

93-87 

99-62 

105-06 

110-24 

115-18 

5    0 

1056 

99-70 

105-82 

111-59 

11709 

122*84 

5    6 

Interpolated. 

105-06 

111-49 

117-58 

128*38 

128*91 

6    0 

S80 

110-41 

11717 

123*67 

129*66 

135*48 

6    6 

Interpolated. 
754 

115-40 

122-47 

129*16 

186*58 

141-61 

7    0 

120-40 

127-76 

184*76 

141-89 

147-73 

7    6 

Interpolated. 

125-07 

132-74 

189*99 

146-88 

153*47 

8    0 

660 

129-75 

137-70 

146-22 

162-38 

159-21 

8    6 

Interpolated. 

184-18 

142-40 

160*18 

167-67 

164-64 

9    0 

687 

188-60 

147-10 

166*13 

162-77 

170-07 

9    6 

Interpolated. 

142-87 

151-63 

169*91 

167-78 

175-31 

10    0 

628 

147-14 

156-16 

164-68 

172-80 

180-65 

10    6 

Interpolated. 

151-21 

160-48 

169-24 

177-58 

185'55 

11    0 

480 

156-29 

164-80 

178-80 

182-86 

190-54 

11    0 

Interpolated. 

159-21 

168-97 

17819 

186-97 

195-36 

12    0 

440 

16318 

173*18 

182-69 

191-58 

200  17 

480 


THE  DISCHARQE  OF  WATER  FROM 


TABLE  IX.—ForJlmding  the  Ditcharye  i»  (Mie  F^iper  Mimide,  vUh  ike 

^a  Pipe,  or  Or^ot,  and  ikt  Veloeiiy  qflHtdMrge  art  known  ;  oiMi  me*  vend. 


Diflchuigie  in  cubic  feet  ] 

per  minute,  for  different  Telodtiea.           | 

Velocity  of 
100  incnee 

Velocity  of 

Velocity  of 

Velocity  of 

Velocity  of 

200  inches 

300  inches 

400  inches 

fiOOinche* 

5®-S 

per  second. 

per  second. 

per  second. 

per  second. 

4 

•170442 

•3409 

.5113 

•6818 

•8522 

h 

•68177 

1*3635 

2-0453 

2-7271 

3*4089 

i 

1-58898 

30679 

4-6019 

6*1359 

7-6699 

1 

2-727077 

5-4541 

8*1812 

10*9083 

18*6854 

U 

4-26106 

8*5221 

12-7832 

170442 

21-3053 

1* 

613593 

12-2718 

18-4080 

24"6487 

30-6797 

ij 

8*35167 

16*7033 

250550 

33*4067 

41-7584 

2 

10-90831 

21*1817 

32-7249 

43-6332 

54*5415 

H 

13-80583 

27*6117 

41-4175 

55-2233 

69-0291 

2i 

1704423 

34*0885 

61-1327 

68-1769 

85-2212 

2| 

20-62852 

41*2470 

61-8706 

82*4941 

103*1176 

3 

24-54369 

49*0874 

73-6311 

98*1748 

122*7186 

31 

28-80475 

57*6095 

86-4143 

115*2190 

144*0238 

H 

38-40669 

66*8134 

100-2201 

133*6268 

167*0335 

3f 

3834952 

76*6990 

115-0486 

153*3981 

191-7476 

4 

43  •68328 

87*2665 

130-8997 

174-5329 

218*1662 

^l 

49-25783 

98*5157 

147-7735 

197  0813 

246*2892 

55-22331 

110*4466 

165-6699 

220*8932 

2761166 

61-52968 

123*0594 

184*5890 

246*1187 

307*6484 

5 

6817692 

136*3589 

204*5308 

272*7077 

340-8846 

H 

75^16506 

150-3301 

225*4952 

300-6603 

875-8263 

5i 

82*49408 

164*9882 

247-4822 

329*9763 

412-4704 

H 

9016399 

180-8280 

270-4920 

360-6560 

450-8200 

6 

98*17478 

196  3495 

294-5243 

392-6991 

490-8739 

6t 

106*52646 

218*0529 

319*5794 

426-1058 

582-6323 

6i 

115-2190 

230*4380 

845-6570 

460-8760 

676-0950 

6J 

124*25245 

248*5049 

372-7574 

497-0098 

621-2623 

7 

133-6268 

267*2536 

400-8804 

534-5072 

6681840 

7i 

143-34199 

286*6840 

4300260 

573.3680 

716-7100 

7i 

153*89809 

806*7962 

460*1943 

613*5924 

766-9905 

7| 

163*79507 

327-5901 

491*3852 

655-1808 

818  ■9753 

8 

174  •58293 

349  0659 

523*5988 

698*1317 

872-6647 

84 

197-03132 

894*0626 

691*0940 

788  1253 

986  1566 

9 

220-89825 

441-7865 

662*6798 

888*6780 

1104-4663 

9i 

246*11871 

492-2874 

788*3561 

984-4784 

1230*5986 

10 

272-70771 

545*4154 

818-1231 

1090*8808 

1363-6386 

lOi 

300-66025 

601*3205 

901  -9808 

1202-6410 

16083018 

11 

329*97638 

659*9527 

989*9290 

1319*9068 

1649*8817 

Hi 

360*65595 

721-3119 

1081*9679 

1442-6238 

1803*2798 

12 

392-69910 

785*3982 

1178*0973 

1570*7964 

1963*4955 

ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  IZ.—Bar^ndimg  the  Ditekant  in  CttHe  Feet  per  JlUuie,  when  the  Diawuter 
of  a  Pipe,  or  Ori/lee,  and  the  VeloeUjf  of  Dieekarge  are  known  ;  and  triee  ver$d. 


Discharge  in  cubic  feet  i)or  minute,  for  different  velocities. 


Velocity  of 
600 InchOB 
"penc  second. 


1-0227 

4-0906 

9-2089 

16-3625 

25-5664 

86-8155 

60-1100 

65-4499 

82-8850 

102*2654 

128-7411 

147-2621 

172-8285 

200-4401 

280-0971 

261-7994 

295-5470 

881-8899 

869-1781 

409-0615 

450-9904 

494-9645 

540-9889 

589-0486 

639-1587 

691-8141 

745-5147 

801-7608 

860-0519 

920-8885 

982-7704 

1047-1976 

1182-1879 

1825-8595 

1476-7123 

1686-2463 

1803-9615 

1979-8580 

2163*9357 

2856-1946 


Velocity  of 

700  inches 

per  second. 


1-1981 

4-7724 

10-7379 

19-0895 

29-8274 

42-9515 

58-4617 

76-8582 

96-6408 

119-8096 

144-3646 

171-8059 

201-6388 

283-8468 

268-4467 

805*4326 

844-8048 

886-5632 

430*7077 

477-2384 

526-1554 

577-4586 

631*1479 

687*2235 

745*6852 

806-6330 

869-7672 

935-3876 

1003-3939 

1078-7866 

1146*5655 

1221  *7305 

1379-2192 

1546-2528 

1722-8810 

1908-9540 

2104-6218 

2309*8348 

2524-5917 

2748-8937 


Velocity  of 

800  inches 

per  second. 


1-3635 

5-4542 

12-2718 

21*8166 

84*0885 

49*0874 

66-8184 

87*2665 

110*4466 

186  •8538 

164*9882 

196*8496 

230*4380 

267*2535 

306*7962 

849*0659 

894*0626 

441*7865 

492*2374 

545*4154 

601  -8205 

659*9526 

721-3119 

785*8982 

862-2116 

921  -7520 

994-0196 

1069-0144 

1146-7859 

1227-1847 

1310-8605 

1396-2634 

1576-2506 

1767-1460 

1968-9497 

2181-6617 

2405*2820 

2639*8106 

2885*2476 

3141*6928 


Velocity  of 
9001n<dies 
per  second. 


1*5340 

6.1359 

13-8058 

24-5437 

88*3495 

55-2234 

75-1650 

98-1748 

124-2525 

158-8981 

185-6117 

220-8983 

259*2428 

300*6602 

345*1457 

892*6991 

448-8205 

497*0098 

553*7671 

613*5923 

676*4855 

742-4467 

811-4759 

883-5730 

968-7381 

1036*9710 

1118*2721 

1202*6412 

1290*0779 

1380*5828 

1474*1556 

1570*7964 

1773*2819 

1988-0398 

2215*0684 

2454-3694 

2705-9423 

2969-7870 

3245-9936 

3534*2919 


Velocity  in 
1000  inches 
per  second. 


1*7044 

6*8177 

15*3398 

27*2708 

42*6106 

61*3693 

88*5167 

109*0831 

138*0588 

170*4423 

206*2362 

245-4369 

288*0476 

334*0669 

383*4962 

436*8323 

492*5783 

652  •2331 

616*2968 

681*7692 

761*6506 

824  9408 

901-6399 

981-7478 

1065-2646 

1162-1900 

1242-6245 

1336*2680 

1433*4199 

1533-9809 

1687*9507 

1746*3293 

1970*3132 

2208-9325 

2461*1871 

2727*0771 

3006-6025 

3299 -7688 

8606-6595 

3926*9910 


6 
«i 

? 
n 

7i 

71 
8 

8i 

9 

9J 
10 
lOi 
11 

Hi 

12 


I  I 
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THE  DISCEAJROE  OF  WATER  FROM: 


TABLE  X.— Jbr  JLniwg  the   depth*  qf  Weir$  qf  diferemt  length;  the  qmmiiiy 
dieehatyed  over  eadk  being  tnppoeed  eometaut.    See  padres  289  and  290. 


Batioe 

of 
lengthBL 

Coeffi-  I 

Ratios 

of 
lengfthik 

Coeffi- 

Ratioe 

of 
lengths. 

Coeffi- 

Ratios 
of 

1  lengths. 

Coeffi- 

• 

! 

) 

ciraita.  ' 

denta. 

cients. 

dents. 

1     -01 

•0464 

•405 

•6474 

•605 

•7153 

•806 

•8654 

1 

i     -02 

•0737 

-410 

•6519 

•610 

•7193 

•810 

•8689  1 

,     03 

•0965   ; 

•415 

•5664 

•615 

•7232 

•815 

-8726 

•04 

•1170 

•420 

•5608 

•620 

-7271 

-820 

•8761 

j     -05 

•1357 

•426 

•5653 

•625 

•7810 

-825 

•8796 

•06 

•1533 

•480 

•5697 

•630 

•7349 

•830 

•8832 

•07 

•1699 

•435 

•5741 

•636 

•7388 

•835 

•8867 

•08 

•1857 

•440 

-5785 

•640 

7427 

-840 

•8903 

•09 

•2008 

•445 

•5829 

-645 

•7465 

•845 

•8988 

•10 

•2154   1 

•450 

•6872 

•650 

•7504 

•850 

•8978 

•11 

•2296   1 

•455 

•5916 

•656 

•7542 

•855 

•9008 

•    •IS 

•2433 

•460 

•5959 

•660 

•7680 

•860 

•9043  1 

•IS 

•2566 

•465 

•6002 

-665 

•7619 

•865 

•9078 

•14 

•2696   1 

'    -470 

•6045 

•670 

•7657 

•870 

•9113 

•15 

•2828   , 

•475 

•6088 

•675 

•7695 

•875 

•9148 

•16 

•2947   i 

•480 

•6130 

•680 

-7783 

•880 

•9183 

•17 

•3069   ' 

-485 

•6173 

•685 

•7771 

•885 

■9218  ; 

-18 

•3188  1 

-490 

•6215 

•690 

•7808 

•890 

•9253  ' 

•19 

•3305  , 

•495 

•6258   . 

•695 

•7846 

•895 

•9287 

■     -20 

•3420  ; 

•600 

•6300 

•700 

•7884 

•900 

•9322  , 

•21 

•3533 

•505 

•6342  1 

•706 

•7921 

•905 

•9356  , 

•22 

•3644 

•610 

•6383 

•710 

•7959 

•910 

•9391  ! 

•23 

•3754  1 

•515 

■6425   ' 

•715 

•7996 

•915 

•9425  I 

•24 

•8S62  , 

•520 

-6466  1 

•720 

•8083 

•920 

-9459  ; 

!    ^ 

•3969 

•525 

•6508   > 

•725 

•8070 

-926 

•9494 

'     ^26 

•4074 

•530 

•6549   1 

•730 

•8107 

-930 

•9528 

•27 

•4177 

•535 

•6590 

•735 

•8144 

•935 

•9562 

•28 

•4-280 

•540 

•6631 

•740 

•8181 

•940 

-9596 

•29 

•4381 

•545 

•6672 

-745 

•8218 

•945 

•9630 

'    -30  1 

•4431 

•550 

•6713 

•750 

•8255 

•950 

•9664 

•31 

•4580 

•555 

•6754 

•755 

•8291 

•965 

•9698 

■     '82 

•4678 

•560 

•6794 

•760 

•8328 

•960 

•9732 

•33 

•4775 

-565 

•6834 

•765 

•8365 

•965 

•9762 

•84   ! 

•4871 

•570 

•6875 

•770 

•8401 

•970 

-9799 

•35 

•4966 

•575 

•6915 

•775 

•8437 

•975 

•9883 

-86 

•5061 

•580 

•6955 

•780 

•8474 

.     ^980 

•9866 

•37 

5154 

•585 

•6995 

•785 

•8510 

•985 

•9900 

•33 

•5246 

•590 

•7035 

•790 

•9546 

•990 

-9933 

•39 

•5338 

•595 

•7074  : 

;    -795 

-8682 

•995 

•9967 

•40 

5429 

•600 

•7114 

,  •soo 

•8618   ■ 

1-000 

1-0000 

ORIFICES,    WEIBSy  PIPES,  AND  RIVERS. 
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TABLE  XI. — M«an  relative  Dunennons  qf  equally  Diaeharoing  Trapezoidal  CkanneU. 
with  &de  Slopee  tmrying  from  0  iol,  upto'l  to  1. — Ualf  sum  of  the  too  ana 
bottom  is  the  mean  widtn,  The  ratio  of  the  slope,  multiplied  by  the  depth» 
subtracted  from  the  mean  width,  will  ffive  the  ix>ttom ;  and  if  added,  will 
give  the  top.  Table  XII.  gives  the  di8(£az)jre  in  cubic  feet  per  minute  from 
the  primary  channel,  70  wide,  and  the  oorrespondhaj?  depths  taken  in  feet. 
For  lesser  or  greater  channels  and  discharges,  see  Roles,  pp.  243  to  361,  and 
207  to  271. 


The  mean  widths  are  given  in  the  top  horizontal  line,  and  the  oorre8i)onding 
depths  in  the  other  horizontal  lines.      They  may  be  taken  in  inches^ 

feet,  yards,  fathoms,  or  any  other  measures,  whatever. 

70 

60 

60 

40       35 

80         25 

20 

16 

10 

•125 

•13 

•15 

•17        -20 

-23 

•26 

•29 

•86 

•48 

•26 

•27 

•30 

•35 

•40 

•45 

•52 

•58 

71 

•98 

•875 

•41 

•46 

■54 

•60 

•67 

76 

•88 

1-09 

1-61 

•6 

•55 

-62 

•73 

'    -80 

-89 

1-02 

1-19 

1-48 

2-04* 

•625 

•68 

•78 

•91 

1-00 

1-12 

1-29 

1-60 

1-88 

2-62 

•75 

•82 

-94 

1-10 

1-20 

1-35 

1-66 

1-82 

2-28 

3-22* 

•876 

•96 

1-10 

1-29 

1-41 

1-58 

1-83 

2-14 

2-69 

8-86 

1- 

1-10 

1-26 

1-48 

1-62 

1-81 

2-10 

2-46 

3-11 

4-60 

1-125 

1-24 

1-42 

1-67 

1-83 

2-04 

2.37 

2-79 

8-64 

6-19* 

i 

1^25 

1-39 

1-58 

1-86 

2-04 

2-28 

2-65 

8  12 

8-98 

6-89 

1-375 

1-53 

1-74 

2-05 

2-25 

2-51 

2-92 

3-46 

4-43 

6-60 

1-6 

1-67 

1-90 

2-24 

2-46 

2-75 

3-20 

3-80 

4-88 

7-31 

1-625 

1-81 

2-06 

2-43 

2-67 

2-99 

3-47 

4-15 

6-34 

8-08 

1-75 

1-95 

2-22 

2-62 

2-88 

3-28 

3-76 

4-50 

6-80 

8-86 

;  1  -875 

2-09 

2-38    2-81 

3-09 

8-47 

4  08 

4-86 

6-29 

9-68 

'2- 

2-23 

2-54    3-00 

8-81 

372 

4-32 

6-22 

6-78 

10-50 

12  125 

2-87 

2-70  :  3-19 

8-52 

3-96 

4-61 

6-58 

7-29 

11-37 

;2-25 

2-51 

2-86    8-38 

8-73 

4-21 

4-91 

6-96 

7-81* 

12-25 

,2-375 

2-65 

3  02    3-57 

3-94 

4-45 

6-20 

6-31 

8-82 

13-12 

.2-6 

279 

3  18  1  3-76 

4-16 

4-70 

6-50 

6-68 

8-84 

14-00 

'2-625 

2-93 

3-34 

3-95 

4-38 

4-96 

679 

7^06 

9-38 

14-92 

12-75 

3-07 

3.51 

4-15 

4-60 

6-21 

6-09 

7^45 

9-93 

16-84 

2-876 

3-21 

3-67 

4-34 

4-82 

6-46 

6-39 

7*83 

10-48 

1676 

3- 

3-35 

8-84 

4-64 

5-04 

5-72 

6-69 

8-22 

11-03 

17-68 

3-125 

3-49 

4-00 

4-73 

6-26 

5-97 

7^00 

8-62 

11-60 

18-68 

3-25 

3-63 

4-17 

4-93 

6-49 

6-28 

7 '31 

9-02 

12-17 

19-68 

3-875 

3-77 

4-33 

5-13 

5-72 

6-49 

7^62 

9-42 

12-74 

20-68 

3-5 

3-91 

4-50 

5 -83 

6-95 

6-76 

7^93 

9-82 

13-82 

21-68 

^ 

3-625 

4-05 

4-66 

5-58 

6-17 

7  01 

8-25 

10-28* 

13-92 

2276 

3-75 

4-19 

4-82 

573 

6-40 

7-28 

8-57 

10-65 

14-58 

23-84 

3-875 

4-33 

4-98 

6-93 

6-62 

7-64 

8-89 

11-06 

15-14 

24-92 

4- 

4-48 

5-14 

6-13 

6-85 

7-81 

9-21 

11-48 

15-76 

26-00 

4-25 

4-76 

5-46 

6-54 

7-30 

8-35 

9-85 

12*88 

16-98 

28-18 

4-5 

6-05 

6-79 

6-96 

7-75 

8-90 

10-50 

18-19 

18-22 

80  ^36 

4-75 

5 -38 

6-12 

7-35 

8-20 

9-45 

11-14 

14-07 

19-60 

32^68 

5- 

5-62 

6-45 

7-76 

8-66 

10-00 

11^79 

14-96 

20-80 

36^00 

5-25 

5-90 

6-78 

8-16 

9-14 

10-66 

12-51* 

15-86 

22-13 

37-40 

6-6 

6-18 

7-12 

8-67 

9-62 

11-10 

13-24 

1677 

28-47 

39-81 

5-75 

6-46 

7-46 

8-98 

10-11 

11-66 

13^94 

1771 

24-86 

42-33 

6- 

6-75 

7-80 

9-40 

10-60 

12-22 

14-66 

18-65 

26-26 

44-86 

For  a  rimilar  Table,  tee  p.  270. 
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THE  DISCHARGE  OP  WATER  FROM 


TABLE  XIT.—Di»ekarpe$ff9m  th^  Primarg  Channel  in  ihejirtt  column  <^  Tails  XT. 
If  the  dimensions  o'f  the  primary  ehsnnel  be  in  inches,  divide  the  dischazves 
in  this  tat'le  I  y  500  ;  if  in  yards,  multiply  by  15*6 ;  if  in  quarters,  multiply  by 
32 ;  and  if  in  fathoms,  by  SS'S,  Ac  :  see  pp.  243  to  251.  The  final  fi^^ures  in 
the  di^ch;ir((C8  may  be  rejected  when  they  d^  not  exceed  one-half  per  oont.» 
or  0-5  in  100.    See  puges  '267  to  271. 


Depths  of 

a  channel 

whose 

moan 

width  is 

70:-in 

feet. 

Fulls,  inclinations,  and  dischsrges  in  cubic  feet  per  minute. 

Interi)olate  for  intermediate  falls ;  divide  greater  falls  by  4,  and 

double  the  corresponding  discharges 

1  inch 
nT  mile, 
lin  63360. 

2  Inches 
per  mile, 
linSlGSO. 

3  inches 
per  mile, 
lin  2112a 

6  Inches  '  9  inches 
per  mile,  per  mile, 
linl0560.<l  in  7040. 

12  inches  15  inrhcsv 
per  milo.  per  mile, 
1  in  52S0.  1  in  42S4. 

•125 

47 

72 

98 

139 

175 

205 

233 

•25 

136 

210 

268 

408 

606 

596 

675 

•876 

249 

889 

498 

746 

940 

1105 

125-2  i 

•60 

887 

608 

770 

1165 

1454 

1709 

1985  i 

•625 

541 

849 

1078 

1617 

2036 

2395 

2714  : 

•75 

714 

1112 

1420 

2128 

2681 

3153 

8573  1 

•876 

900 

1401 

1791 

2685 

3382 

3978 

4507  i 

1- 

1100 

1714 

2190 

8283 

4134 

4862 

6507  ' 

1-126 

1310 

2042 

2614 

8909 

4927 

6792 

6577 

1-25 

1634 

2884 

8058 

4581 

6766 

6780 

7690 

1^875 

1767 

2767 

8521 

6279 

6661 

7828 

8S63 

1-50 

2013 

8142 

4006 

6016 

7688 

8915 

10099  ! 

1-625 

2268 

8540 

4526 

6781 

8541 

10044 

11381  1 

1-75 

2534 

8950 

5058 

7570 

9537 

11210 

12703  , 

1-875 

2812 

4384' 

6599 

8386 

10570 

12429 

14088 

2- 

3090 

4821 

6161 

9280 

11628 

13675 

15513 

2-125 

3877 

6278 

6788 

10092 

12718 

14956 

16943  • 

2-25 

3674 

5736 

7881 

10981 

18833 

16281 

18435  1 

2-875 

8977 

6210 

7987 

11889 

14981 

17645 

19960 

2-50 

4293 

6699 

8568 

12829 

16161 

19045 

21534 

2-625 

4616 

7208 

9204 

18800 

17880 

20484 

23135 

2-75 

4947 

7716 

9866 

14782 

18624 

21886 

24SO0  1 

2-875 

5280 

8288 

10526 

15773 

19887 

23360 

26473 

3- 

5621 

8762 

11204 

16788 

21165 

24S33 

28176 

3  125 

6972 

9810 

11900 

17880 

22454 

26410 

29925 

3  25 

'  6329 

9862 

12614 

18897 

28780 

27994 

31714 

3-375 

6689 

10420 

18820 

19968 

25145 

29570 

83507 

3-50 

7049 

10996 

14048 

21052 

26509 

81262 

35829 

3  625 

7418 

11574 

14785 

22153 

27906 

82860 

37186 

3-75 

7794 

12163 

15526 

28284 

29821 

84479 

89080 

3-875 

8178 

12758 

16288 

24416 

80766 

86170 

41013 

4- 

8566 

18864 

17070 

25592 

82226 

87898 

42954 

4-25 

9355 

14582 

18648 

27986 

85191 

41868 

46916 

4-50 

10173 

15849 

20267 

80366 

88254 

44982 

50978 

4-75 

11001 

17140 

21908 

82818 

41356 

48630 

55102 

6- 

11833 

18454 

28595 

85355 

44546 

52378 

59846 

5-25 

12696 

19802 

25862 

87939 

47795 

56209 

63688 

5-60 

13576 

21172 

27248 

40564 

61097 

60079 

68097  ' 

5-75 

14478 

22580 

29160 

48258 

64478 

64058 

72591 

6- 

16393 

23996 

81122 

45969 

57897 

68082 

77154 

Far  a  9imUar  Tai/^,  iwp*  271. 
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TABLE  JTIL—DiKhatynfrom  ike  Primary  Ciannfl  in  tkejlrnt  eohmn  qf  TahU  XI. 
If  the  dimensions  uf  the  primary  channel  be  in  Inches,  divide  the  diifcharges 
in  this  table  bv  500 ;  if  in  yards,  multiply  by  15-6,  if  In  quA^ter^  multiply  by 
82,  and  if  in  fathoms,  by  88*2,  etc  :  see  pp.  S4S  to  251.  The  final  figiunes  in 
the  discharges  may  be  rejected  when  they  do  not  exceed  one-half  per  cent, 
or  0*5  in  100.    See  pages  2t)7  to  271. 


Falls,  inclinations,  and  discharges  in  cubic  feet  per  minute. 

Interpolate  for  intermediate  iUls :  divide  greater  falls  by  4,  and 

double  the  corresponding  discharges. 


IS  inches' 31  inches  24  inches  27  inches  SO  inches  S3  inches  36  inches 
per  mile,  per  mi]o,lper  mile,  per  mile,  per  mile,  per  mile,  per  mi^e, 
1  in  3620. il  in  3017.  1  in  2040.  1  in  2347.  1  in  2112.,  1  in  ltf20.  1  in  1700. 


258 

748 

1387 

2145 

8004 

3957 

4991 

6097 

7266 

8514 

9816 

11182 

12601 

14069 

15593 

17157 

18766 

20410 

22104 

23848 

25669 

27479 

29318 

31206 

33141 

35126 

37109 

39140 

41184 

43273 

45407 

47551 

51911 

66448 

61014 

65713 

70509 

75383 

80379 

85407 


281 

815 

1511 

2336 

3274 

4311 

5422 

6622 

7920 

9284 

10697 

12185 

13730 

15331 

16997 

18697 

20446 

22247 

24087 

25988 

27953 

29933 

31947 

34002 

36112 

38266 

40488 

42631 

44872 

47158 

49468 

51818 

56586 

61508 

66500 

71628 

76863 

82159 

87590 

93093 


303 

823 

343 

362 

877 

936 

998 

1049 

1627 

1736 

1848 

1952 

2515 

2684 

2852 

8028 

8527 

8758 

4021 

4207 

4645 

4966 

5287 

5553 

5859 

6274 

6650 

6992 

7159 

7681 

8107 

8540 

8531 

9124 

9660 

10200 

9995 

10658 

11318 

11923 

11539 

12307 

13045 

18741 

13152 

14007 

14862 

15656 

14821 

15786 

16750 

17657 

16525 

17616 

18700 

19698 

18306 

19517 

20728 

21840 

20141 

21469 

22808 

24017 

22030 

23480 

24938 

26269 

23965 

25547 

27129 

28578 

25947 

27662 

29395 

30934 

27992 

29841 

81701 

83381 

30100 

32069 

84086 

85910 

32247 

84384 

86512 

38471 

34408 

86697 

88958 

41055 

36624 

39050 

41464 

43680 

38897 

41482 

44048 

46398 

41223 

48954 

46672 

49174 

43556 

46488 

49830 

51951 

45925 

48968 

51993 

54775 

48343 

51537 

54728 

57659 

50807 

54162 

57514 

60585 

53300 

56840 

60341 

63560 

55832 

59414 

68200 

66576 

60978 

64974 

69018 

72694 

66176 

70623 

75017 

79017 

71625 

76408 

81097 

85426 

77140 

82250 

87351 

92015 

82779 

88200 

98781 

98729 

88434 

94844 

100200 

105550 

94848 

100616 

106828 

112540 

100275 

106911 

113505 

119616 

380 

1100 

2037 

8155 

4414 

5817 

7842 

8974 

10693 

12520 

14479 

16448 

18552 

20696 

22944 

25242 

27601 

30027 

32512 

85096 

87725 

40415 

48135 

45896 

48747 

51664 

54586 

57550 

60580 

63656 

66784 

69951 

76383 

82994 

89767 

96653 

103745 

110905 

118254 

125664 


Depths  of 

a  channel' 

whose 

mean 

width  is 

70:— in 

feet. 


•125  • 
•25  I 
•375 
.60  [ 
•625 
•75  1 
•875 
1- 

1-125 
1-25 
1-376 
1-50  ' 
1-625  ' 
1-75  ■ 
1-875  : 
2-  I 
2-125  • 
2-25 
2-375 
2-50 
2-625 
2-75 
2-875 
8- 

3125 
3-25 
3-875  , 
3-50  ! 
8-625  ! 
3-75  I 
8-875  I 
4- 

4^25 
4-50 
4-75 
5- 

5-25 
5-50 
5-75 
6- 


Tor  a  nmUw  Table,  $eep.  271. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  XIII.— The  Sqnart  MooU^lheJ^  power*  qf  mumAen  for  Jtmdim§  O^ 
Diameter  of  a  Pife,  or  diateiuioiu  tf  a  Channel  from  the  Diedtarge,  or  theSeverwe; 
ehowing  the  relative  DiedUttyviff  Powen  eff^fee  tif  di^ffereut  Diemetert,  and  ^tutf 
timilar  ChanmeU  whatever,  doted  or  open.  See  pages  17,  18,  246,  etc. — It  d  be 
the  diameter  of  a  pipe,  in  feet^  and  d  the  discharge  in  cubic  feet  per  minute^ 
then  for  long  straight  pipes  we  shall  have  for  velocitiea  of  nearly  3  feet  per 

second,  d  =  2400  (d^)^,  and  d  =  -044  ^^  T  ;  or  if  D  be  the  dischai^  per 


Mecond,  »  =  40  (A}*,    and  d  =   -228  (t")'- 


ReUtfTe 
dimen- 
sions or 

RelatJye 
dtscharg- 

ln«      1 

BeUtiye 
dimen- 
sions or 

diameters 

diameters 

of  pipes. 

powers*   1 

of  pipes. 

•25 

•081 

10-5 

•6 

•177! 

11- 

•75 

•485 

11-5 

!• 

1^ 

12- 

1-25 

1-747 

12-5 

1-5 

2756 

13- 

175 

4  051 

13-6 

2- 

6-657 

14^ 

2-25 

7-694 

14-5 

2-5 

9  •882 

15- 

2-75 

12-541 

15-5 

8- 

16  •688 

16- 

8-25 

19-042 

16-5 

8-5 

22^918 

17- 

8-75 

27-232 

17-5 

4- 

82- 

18- 

4-25 

87-24 

18-5 

4-5 

42^96 

19- 

4.75 

49-17 

19-5 

5- 

65-90 

20- 

5-25 

63-15 

20-5 

5-5 

70-94 

21- 

6-75 

79-28 

21-5 

6- 

88-18 

22- 

6-25 

97-66 

22-5 

6-5 

10772 

28- 

6-75 

118-88 

28-5 

7- 

129-64 

24- 

7-25 

141-53 

24-5 

7-5 

154-05 

25- 

7-75 

167-21 

25-6 

8- 

181-02 

26- 

8-25 

195-50 

26-5 

8-5 

210*64 

27- 

8-75 

226-48 

27-5 

9- 

248- 

28- 

9-25 

260-28 

28-5 

9-5 

278-17 
296-83    ! 

29- 

975 

29-5 

10- 

316-23 

30- 

|BelatiTe 
idischftig- 

iug 
I  powers. 


857-2 

401-8 

448-5 

498-8 

562-4 

609-8 

669-6 

738-4 

800-6 

871-4 

945-9 

1024- 

1106-9 

1191-6 

1281^1 

1874^6 

1472^1 

1578-6 

1679-1 

1788-9 

1902-8 

2020*9 

2143-4 

2270-2 

2401-4 

2537- 

2677-1 

2821-8 

2971-1 

8125- 

8283*6 

8446-9 

3616-1 

3788- 

8965-8 

4148-6 

4836-2 

4528-9 

47267 

4929-5 


RelatiTC 
dimen- 
sions or 
diameters 
of  i^pes. 


80*6 

31- 

81^5 

82- 

82-5 

88- 

83-5 

84- 

34-6 

85- 

86*6 

86- 

86*5 

87  • 

87^5 

88- 

88-6 

89- 

89-5 

40- 

41- 

42^ 

43- 

44  • 

45- 

46- 

47- 

48  • 

49  • 
60- 
61- 
52- 
63- 
54- 
66- 
56- 
57- 
68- 
59- 
60- 


Relative 
discharg- 
ing 
powers. 


6188 

6351 

6569 

5793 

6022 

6266 

6496 

6741 

6991 

7247 

7509 

7776 

8049 

8327 

8611 

8901 

9197 

9498 

9806 

10119 

10764 

11432 

12125 

12842 

18584 

14351 

15144 

15963 

16807 

17678 

18676 

19499 

20450 

21428 

22434 

28468 

24629 

25620 

26738 

27886 


BelatiTe 
dimen- 
sions or 
diametov 
<tf  pipes. 


Relative 

disdiaig- 

ing 


61- 
62- 
63- 
64- 
66- 
66^ 
67- 
68  • 
69- 
70- 
71^ 
72- 
73- 
74- 
75- 
76- 
77  • 
78- 
79- 
80- 
81- 
82- 
83- 
84- 
85- 
86* 
87- 
88- 
89- 

90  • 

91  • 
92- 
93- 
94- 
95- 
96- 
97- 
98- 
99- 

100- 


29062 
30268- 
81603- 
32768- 
34063- 
35888- 
36744- 
38181 
89548 
40996- 
42476 
439881 
45581 
47106 
48714* 
50854- 
62027 
68782 
56471 
67243* 
69049- 
60888 
62762 
64669 i 
66611 
68588i 
70599 
726451 
74727 
76848- 
78996- 
81184- 
83408 
85668 
87965 
90298 
926681 
95075 
97519 
lOOOOOi 


See  Tables  at  pp.  28  and  29. 
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TABLE  XIV. — WeigJUs  and  Measures,  English  and  Prench^  wUh 

(heir  relative  valties. 

MEASURES  OF  LENGTH. 

12  inches 1  foot. 

7-92  inches 1  link. 

5  feet 1  yard. 

5i  yards    »  16^  feet        .        .  .     .  1  pole  or  perch. 

100  links      s     22  yards 1  chain  =  4  perches. 

40  perches  =  220  yards 1  furlong. 

8  furlongs  ■■  1760  yards         ....  1  mile. 

6  feet       .        .' 1  fathom. 

120  fathoms 1  cable's  length. 

1  Nautical  mile 6082*7  feet. 

69*12  miles 1  Geographical  dcg. 

3  miles 1  league. 

The  Irish  perch  is  21  feet,  or  seven  yards.  Three  inches  make  a 
palm ;  4  inches  a  hand ;  5  feet  a  pace.  In  doth  measure  2^  inches 
b1  nail ;  4  nails^l  quarter ;  4  quarters^l  yard.  11  Irish  miles  = 
14  English. 

MEASURES  OF  SUBFACE. 

144  square  inches 1  square  foot. 

62*7264        „ 1  square  link. 

9  square  feet 1  square  yard. 

30J  square  yards  s    272^  square  fe^t    .        .     .  1  square  perch. 

10,000  square  links    ■■  4,356  ,,  .        •  1  square  chain. 

10  square  chains  *=     160  square  perches       .     .  1  acre. 

1  rood  =     210  sqoare  yards       .        .  40  perches. 

4  roods  B  4,840  „  .    .  1  acre. 

640  acres  »  3,097,600    „  .        .  1  square  mile. 

The  Irish  perch  is  49  square  yards,  or  441  square  feet ;  1  Irish  acre 
=  la.  2r.  19*17p.  statute ;  and  1  statute  acre  >■  Oa.  2r.  18'77p.  Irish. 
The  Irish  acre  is  to  the  English  acre  as  196  is  to  121.  100  square  feet 
is  a  square  of  roofing,  skting,  or  flooring.  The  Cunningham  acre  is 
=  la.  Ir.  6*61p.  English ;  and  1  English  acre  is  =  Oa.  8r.  3'904p. 
Cunningham  measure. 
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Table.  XIY, —Continued. 


CUBIO  KEASTJBES.  AKB  MEASURES  OF  CAPACITY  AND  WEIGHT. 


1728  cubic  inches 


1  cubic  foot. 


1  cubic  yard. 

1  perch  of  masonry. 

1  rod  of  brickwork. 

1  Irish  perch  of  masonry. 


27  cubic  feet 

16ix   Hxl  =24-76  cubic  feet 
16i  X  16i  X  1|=    806  cubic  feet    . 
21   X   IJxl  *m    SOi  cubic  feet 

The  standard  gallon,  imperial  measure,  contains  10  lbs.  aToirdupois 
of  distilled  water  at  62"*  Fahrenheit,  the  barometer  standing  at  80 
inches. 

6*232  gallons 1  cubic  foot. 

8*665  cubic  inches         .        .        .    .     1  gill. 

4  gills  84*659  cubic  inches .        .        .     1  pint. 

2  pints  69*818  cubic  inches    .        .    .    1  quart. 

2  quarts  188*687  cubic  inches     .  1  pottle. 

2  pottles  277*274  cubic  inches        .    .     1  gallon. 

2  gallons  554*548  cubic  inches    .        .     1  peck. 

4  pecks  2218*191  cubic  inches  .  .  1  bushel. 
The  old  Irish  gallon  contained  217 '6  cubic  inches,  nearly,  and  1  Irish 
gallon  is  therefore  »  *7850  imperial  gallon.  The  Irish  barrel  of  lim& 
still  measures  40  Irish  gallons,  or  81*321  imperial  gallons,  or  4  bushels^ 
yery  nearly.  It  is  measured  by  a  cylindrical  measure  12  inches  high, 
and  about  21 }  inches  in  diameter,  containing  half  the  Irish  barrel.  In 
the  old  English  liquid  measures  for  ale  and  beer,  86  gallons  »  1  bazrel 
=  86  gallons,  8}  quarts,  imperial  measure,  nearly. 

For  old  dry  measures,  32  bushels  =  1  chaldron  «  31  bushels,  1  pint, 
imperial  measure,  nearly. 

And  36  bushels  of  coal »  l  chaldron  of  coal  =  34  bushels,  3  pecks^ 
and  1  gallon,  imperial  measure.  The  Irish  barrel  of  wheat  is  20  stone  ; 
barley,  16  stone  ;  oats,  14  stone. 

TBOY  WEIGHT. 

24  grains 1  pennyweight. 

20  penn}^eights  .        .     .    1  ounce. 

12  ounces 1  pound. 

One  pound  Troy  =  22*816  cubic  inches  of  distilled  water,  barometer 
0  inches ;  thermometer  62^ 
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apothecaby's  weight. 

20  Troy  grains 1  scruple. 

3  scruples 1  drachm. 

8  drachms 1  ounce. 

12  ounces 1  pound. 

The  onnce  weighs  480  grains,  and  the  pound  5760  grains,  both  in 
Troy  and  Apothecaiy's  weight. 

ATOIRDUPOIS  OB  COMMERCIAL  'WEIGHT. 

One  pound  Avoirdupois  =  27*7274  cubic  inches,  when  the  barometer 
stands  at  80  inches,  and  Fahrenheit's  thermometer  at  62°. 
16  drachms  =       437*5  Troy  grains         .     1  ounce. 
16  ounces     =    7,000     Troy  grains    .     .     1  pound. 
14  pounds    =  98,000     Troy  grains         .     1  stone. 
8  stone       =       112  pounds      .        .     .     1  cwt. 
20  cwt.        =    2,240  pounds  .        .        .1  ton. 
One  pound  Troy  =  '82286  pounds  Ayoirdupois,   and  one  pound 
AToirdupois  is  equal  to  1'2153  pounds  Troy.    One  ton  of  water  con- 
tains about  36  cubic  feet,  equal  to  224  imperial  gallons,  nearly.    Ten 
pounds  of  distilled  water  is  equal  to  one  gaUon,  the  barometer  and 
thermometer  being  as  abore  stated. 


FRENCH  MEASURES  AND  WEIGHTS  COMPARED  WITH 

ENGLISH. 

MEASURES  OF  LENGTH. 


1  m^tre        .  .  3*2808992  feet 

1  decimetre     .  .     -3280899   „ 

1  centimetre.  .     -0328090   „ 

1  millimetre    .  .     -0032809   „ 


1  foot  English   '3047945  mMre 
linch   .        .    '0253995    „ 
1  yard      .     .    '9143835    „ 
1  perch5iyd8.  5*0291092    ., 
Imile   .        .    1-60932  kilometre 


1000  metres  =  100  decimetres  s  10  hectometres  =  1  kilometre  » 
8280*849  feet  The  metre  is  the  10,000,000th  part  of  a  quadrental  arc 
of  the  meridian  or  39*3708  inches  English. 
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MKilSUBES  OF  SURFACE. 


'^iSrX    ho76««i.ft 


107*6430 
1076*480 


91 
91 


119*6038  sq.  yds 
11-9603 


»> 


1*1960 


>f 


1  are 
1  declare 
eentiare  or  sq. 
m^tre. 


1  declare 
1  are 

100  ares  «  10  declares  »  1  hectare  s  2*471143  English  acre^  and  17 
hectares  are  nearly  eqnal  to  42  English  acres. 

The  old  Paris  foot  is  equal  1  06578  English  feet ;  the  French  inch  = 
1*06578  English  inches  ;  the  French  line  *08882  of  an  English  inch  ; 
the  toise  is  eqnal  to  6  French  feet  =  76*736  English  inches  »  6-89468 
feet.  The  perch  is  18  French  feet ;  and  the  perch  royal  22  French 
feet  The  French  square  foot  or  inch  =  1*18581  English  square  feet  or 
inches,  and  the  cubic  foot  or  inch  =  1*21061  English. 


IfEASUKES  OF  SOLIDITY  AND  CAPACIIT. 

Cubic  feet 
1  millistere.        .        .     '0353166 
1  centistere    .        .     .     *353166 
1  decistere  .        .        .  8 '58166 
1  stere  (one  cubic  m^tre)  85  '8166 
1  decastere  .    853*166 

1  hectostere       .     .  8531*66 
1  kOostere      .  35316*6 

The  stere  and  kilolitre  are  each  a  cubic  ni6tre,  and  the  litre  is  a 
cubic  decimetre ;  50  litres  are  nearly  11  English  gallons,  and  1  hecto- 
litre 2*751207  English  bushels. 


Kng.  cub.  in. 

1  millilitre  . 

•0610279 

1  centilitre 

.     .     -610279 

1  decilitre  . 

.  610279 

1  litre 

610279 

1  decalitre 

.    610 '279 

1  hectolitre 

.     .  6102*79 

1  kilolitre 

61027*9 

MEASrilES  OF  WEIGHT. 


'0648  gramme  =  1  grain,  and  7000  grains  »  1  lb.  Ayoirdupois. 


1  milligramme  . 
1  centigramme  . 
1  decigramme  . 
1  gramme 


•015482  grains 
15432 
1*5432 
15*482 


>f 


1  gramme        .  15*432  grains 
1  decagramme        •022051b.  avoir. 
1  hectogramme      '2205 
1  killogramme     2*2046 


ti 

99 


1-01605  tonnes  =s  1  ton  :  and  1  tonne  «  '984206  ton. 
A  gramme  is  the  weight  of  a  cubic  centimetre  of  water  and  its 
maximum  density  in  vacuo :  1  kilogramme  «  2*6795  lbs.  Troy  »  2*2046 
lbs.  Avoirdupois.     1  metrical  quintal  220*46  lbs.  Avoirdupois,  and  10 
quintals  is  equal  to  the  weight  of  a  cubic  m^tre  of  water. 
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Table  XIV.— Con/wued 

CIRCULAB  FBENCH  AND  BRITISH  DIVISIONS. 

1*"  circular  measure  French  s     >9  degree  British. 

^4  I ,     .     ,  -9  X  60 

-||^1  minute  =     -j^      =   -54  British  minutes. 


|1 


-       ;  -9x60x60 

^1  second  -    ^^^  ^  ^^^   « -824  British  seconds. 

/  100 

'  1*  circular      =  —  -  X'l  =  IJ  French 

degrees. 

^    I  100 

%  i  1"^^*^        =  ;^^^  =     1-«51    =    13 

French  minutes. 

1  o^^^«.i  100  100         100x100 

1  second        =  x =  _i--_ — tzz-  _.  S'08642  —  SJi, 

•9x60        60         -9 X 60 X 60       ^  "^***^   ""   ^^ 
\  ==  ^  seconds. 


X 


TO  REDUCE  FRENCH  TO  BRITISH  CIRCULAR  MEASURES  AND  THE 

REVERSE. 

Put  n   =  number  of  British  degrees,  &c.  and  fif  =  French,  &c. 

Then  n,  =  «f  —  T^"*^  %  —  n.  +-^  . 

Example  1.    Given  309''  57'  90'  French.    Beduce  to  British 

809 -57 -90 
deduct  one-tenth     80'95'79 


n.      «      278*''62*11  in  decimal  measures  English 

60 


87  -2660    English  minutes  and  decimali 
60 


15-9600    English  seconds  and  decimals. 
Am,  278'''87''15''*96  according  to  the  sexagesimal  division. 
Example  2.    Reduce  278^  :  87' :  15"*96  British  to  French. 
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Table  XIY. — CovUinwd. 

Make  the  seconds  decimal  parts  of  the  minntes  by  diTidiiig  tliem  by 
6  and  multiplying  by  10.  This  then  becomes  278**87'*266.  In 
degrees,  minutes,  and  decimals  of  a  minute.  Make  now  the  minuter 
into  degrees  and  decimals  of  a  degree  by  dividing  them  by  6  and 
multiplying  by  10.    The  last  figures  then  become 

278*''621  1b  English  d^;;rees  and  decimals 
Add  one-ninth         30  '9579 


{ 


309  -6790. 
Decimal    309*"  57'  90'  French  measure. 
And  so  on  for  others. 


FBENCH  UEASrRES  COMPABED  WITH  ENGLISH. 

il  MifeTRE»3'281  feet =39 -871  inches  » 1-0936  yds.  = -1988  perch. 
1  SQUARE  MftTRE=10-764  sq.  feet=l'196  yds. « '03954  sq.  perch. 
tl  FOOT=  '3048  m^tre  and  1  inch=  *0254  m^tre. 
1  SQUARE  FOOT=  '0929  sq.  m^tre. 
1  PERCH  16}  feet»5*029  metres. 
1  6Q.  PERCH  272^  ft.  =25*292  sq.  mitres  =80^  sq.  yds. 
(  Are  =100  sq.  mitres  =8 '954  sq.  perches. 

I  A.  R.    p. 

(  Hectare— 100  ^r«»=895'4  perches=2  1  36 '4. 
1  lb.  avoirdupois  =  '4586  kHogranme. 
LrrRE= cubic  decimetre » 1*76  pint—  '22  galloiu 
Decalitre «"  2*2  gallons=l'l  peck 
Hectolitre =22  gallons =11  pecka=2*75  busliels. 
Kilogramme  =  weight  of  one  cubic  decimetre  of  distilled  water 
*-  2*2046  lbs.  avoirdupois  =  2*679  troy  pounds  =  15432*35 
grains. 
1000  kilogrammes =2204 -6  lbs.  =  nearly  1  ton  EriUafi,  is  called 

a  Millier  or  Tonne =19*68  cwt 
Kilogramme =1000  grammes  » 10,000  decigrammes. 

7000  grains  =  1  lb.  avoir.     487*5  grs.  =1  oz.  avoir. 
6760  grains = 1  lb.  troy.     480  grs.  =  1  oz.  troy. 
Force  of  gravitt  ^=9*809  mitres» 32-18  feet 
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Table  XIY. ^^oniinued. 
/  Length  of  a  pendnlam 


f  jjengui  01  a  penamam  i 
<  Vibrating  seconds         >  s 
(  Latitude  of  Paris         J 


39*1S  inches  s  '994  m&tre. 


SMean  barometer  at  80  inches— 76 '2  centimetres. 
1  cabic  foot  of  air  weighs  586  grains  or  1*23  ozs.  avoirdupois 
1*1  oz.  troy. 
N>  Average  height  of  an  atmosphere  of  equal  density  about  5  miles. 
C  Thermometers  9**  Fahrenheit  ==5**  centigrade =4**  Reaumur. 
<  Freezing  point   82"  Fahrenheit »    0**  centigrade  =  O*"  R^umur. 
( Boiling  point    212-        „  «100*         „         =80* 


Boiling  water. 


1 


Freedog  water. 


^  increase  or  decrease  in  volume  of  a  gas  for  each  degree  centigrade. 
jIo  increase  or  decrease  in  volume  of  a  gas  for  each  degree  Fahrenheit. 
10  lbs.  of  distilled  water  »1  gallon. 
62*82  lbs.  of  distilled  water =1  cube  foot 
1  cubic  foots: 6*282  gallons. 

100°  French=90''  British.    French  division  l^'-lOO  minutes, 
1  minute =100  seconds. 

100  minutes  French =54  minutes  British. 
^    .    100  seconds  French =82*4  seconds  British.     Or 
eS     I    l''French=*9'*  British. 

r  French- *64  British. 

1'  French= -324  British. 


A$ 
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TABLE  XV.    Simolma  lU  ITwU,  J 

Syinmr  nig  tin**  mt-fimHi,  ^  Ut  ■, 


XATERIALB. 

il 

il 

1 

M 
la 
%a 

h 

.1 

I 

£S^.  •  .  ■ 

Biisk,R«l 
Bilakwork  . 

Da.  Pale  Red       . 
Cedai,  American,  Frv 

Do.      WlrSHbawD 

■x-sr-.  ■ 

Do.  Norway  Bpruee 
Fir,     Kaw  Englimd 

i™.  Wrought,  EniiU 

Do."  raUed  ik  Bbixlb 

Cart  Iron  Camn,'cold 

I^ioutlF^llih. 
Do.  milled  »<»t 
Marble,  whlu  ItnUao 
Da     bUckOalwaj 
Mortar,  old,  good  . 
Oak,  English 

Do:Sn«llan       . 

Do,  Dantih: 

Do.  African  . 

Do.  Adriatic      . 
Fine,  pitch 

8ll™?Wandard  ■   . 
Mate,  WeUh 

Do.   Valentlo     . 

oatA 

md 
blut 

K 

j 

000 

soo 

MO 
«0 

ioo 

KK) 
(00 

ioo 

TOO 

ioo 
soo 

900 
BOO 
»00 

800 

WO 

soo 

1,1M,000 

elooolooo 

1,3«,000 
400,000 

l.STO.OOO 

i;6m;ooo 

700,000 

i,ieo,ooo 
sjooo^ooo 

V!.m.m 

000.000 
'■^^ 
a,SM,ooo 

I,IM,000 
S.ISO.OOO 
1,H»,D00 

S,2»o,noo 
K0,0O0 
1,330,000 
1,B«,000 

15,800,000 
J,!»0,000 

29.000.000 

»,«0,000 

«,wo.ooo 

8,*00 

iao 
;s.ooo 

4,000 

it^soo 
iioo 

33,000 

108'.000 

eo^ooo 
slaoo 

fl;soo 

6,800 
8.000 

1S.101 

IS 

18,000 

"~ 

'aoo 

10,000 

solooo 

00,003 
1S.400 

17,«00 
13,100 

lolooo 

11,000 

^*ao 

67,000 

j-.ooo 

00 

00 
DO 

17,800 

!?■!*' 

T,SOO 

lilsoo 

iso^ooo 
iwlooo 

18,(100 
8,300 

41-1 

48-0 

43-0 

Uis 

MO-0 

487-0 

440-0 
S5-0 

lOE-O 
88-3 

607 

BS-O 

ISO'O 
49Bt 

18S-0 
4S57 

71 
8^2 

E-m 
a-08 

07S 

s«« 
o-ae 

7-ol 

11-40 

8-70 
0-03 

o«r 

07S 

OflS 

270 

7-SO 

»-S8 
«-« 
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Sivinjr  Tables  of  Rates  of  Supply.  Velocities. 
:c.  £c  together  with  Specifications  of  several 
Works  illustrated,  amoofp  which  vrill  be  found : 
Aberdeen,  Bideford,  Canterbury.  Dundee, 
HaUias.  Lambeth,  Rotherham.  DubUn.  and 
others. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in  English,  ct 
Id  any  other  language.  ...  Mr.  Humbers  work  is  characterbed  almost  througliout  by  an 
cadiaustiveneas  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 
—EngtHser. 

"  We  can  congratulate  Mr.  Hunber  on  having  been  able  to  give  so  large  an  amount  of  infor- 
mation on  a  sublect  so  important  as  the  water  supply  of  dties  and  towns.  The  olates.  fifty  la 
fliumber.  are  mostly  drawings  of  executed  works,  and  alone  would  have  conunandea  the  attenaon 
of  every  engineer  whoso  practice  may  lie  in  this  branch  of  the  profession.*'— ^miMIrr. 

Cast  and  Wrought  Iron  Bridge  Construction. 

A  COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Iron 
Foundations.  In  Three  Parts— Theoretical,  Practical,  and  Descriptive.  By 
William  Humbbr,  A-M.  Inst.  C.E.,  and  M.  Inst.  M.B.  Third  Edition,  Re- 
vised and  much  improved,  with  115  Double  Plates  (90  of  which  now  first 
appear  in  this  edition),  and  numerous  Additions  to  the  Test.  In  Two  Vols., 
imp.  4to,  £6  i6s.  6d.  half-bound  in  morocco. 

"A  very  vahiable  contrIbotk>n  to  the  stamUrd  literature  of  civil  engineering.  In  addition  to 
elevations,  plans  and  sectioMS.  large  scale  details  are  ifiven,  which  very  much  enhance  the  instruc- 
tive  worth  of  these  illustrations.  No  enirineer  would  willingly  be  without  so  valuable  a  fund  ef 
informatioo. ' — CM/  Engineer  and  A  rchittct  's  ymmai. 

"  Mr.  Homber's  stately  volumes,  lately  issued -hi  which  the  most  important  bridgM  erect*  d 
daring  the  la«t  five  vear^  under  the  direction  of  the  late  Mr.  Brunei.  Sir  W.  CoUtt.  Mr.  Hawk- 
A\^,  Mr.  Page.  Mr.  Fowler.  Mr.  He.7ians.  and  athers  among  our  most  eminent  eoginccn  are 
drawn  and  specified  in  great  ditaSL"—£ngiKegr. 
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H UMBER'S  GREAT  WORK  ON  MODERN  ENOfNEERINQ. 

Compete  in  Four  Volumtt,  impeii*!  ilo.  price  f  ii  is..  haJf-EDotocco,  each ' 
Volnnie  ia[il*e[nnilely  u  toflon>~ 
A  RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEER- 
ING.   First  Series.     Compr'sing  Civil,  Mecbinical,  Uuise,  Hidiaiilic 
~  "  ~  "  d  otber  EaglneuiDH  Works.  &c.    Bj  Wiluaw  Huhie*^ 

.__    .._  — r.i._^  T* — 1.1  _  -^^-'ps^dfj^pji  [g  A  Urge  3Mle, 
.     ,  F.R,S.»Ac..  and  copLoas 
9,  &c.,  £i  IS.  haltmcuvcco. 
Lilt  of  tSi  Plata  and  Diagrmna. 

(■liliin):  SouthpoB  Pmr  (.'p!«itili  victorti  I  ^lat;  Aimcm  FliW :  Susri 
SaUniiiiid  R«rEI.C.&r).  and  G.  W.  R.(<  T>nni«  u  ptiletU  Tha  Alkn 
St^C.  K.  R.ll-M)i  Roof  lit.  SuUm.  Dutch        k^>i,(]  pSici). 

NUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Second 
Sehies.  Imp.  4to,  with  jG  Double  Plates.  PhoiDgraphic  Partrajt  of  Robert 
SIcphenson,  C,E.,  M.P„  F.R.S.,  fte,,  and  copious  descrEpIin  Lelieipi«u. 
SpedficatiODB,  &c.,  £j  is,  balf-matocco. 

Lill  0/  (*(  Plata  and  Diagram. 
Blr^enhqd  Dock!.  Lov  Walvr  Buin  (Js    I    and  Ab«fnKaD]r  Rjllwisr:   Fbbw   Vudoct. 

Sm);  CKarinff    Crou  Suuloa  Roof.  C.  (..        H«ihrr.  Trcdrnr.  fiid    AhiwaTiiaBy  Ral.^ 

/-  — .    V- — 1_.^     D..,_.^...     T II .     I     Bridie  onr  Ibe  ThBmn.  L.  C.  &  D.  RjiBtflT 

NUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Third 
Smiis.  Imp,  4<a.  wiih  40  Double  Flatet.  Photogiapbic  Fortrall  of  J.  R. 
M'CIeaiti  Esq„  lale  Pica.  InX.  C,B..  and  avians  descriptive  Leiierpnsi. 

SpeciGcationi,  Ac,  fj3S.  balf-morocco.  '   - 

Lill  0/  Iht  Plain  bhJ  Diagrami. 


L.  Imt.  C.E.,  and  cojrious  dcKiiptim  LatUrpteu, 
its*  P/  Ihc  Plata  aid  Diagrana. 


m.  Honipohi  U  pbtH]  1  Bursi  Uccki  Is  MuUind  RiUnii  t<  \iaci] ;  St  Gamut  "ftM^ 

Ami  I  HiMult  A4iduct.  SuHiuig  ud  ViC  dun  Coiunll  R^hnj  |>  plitBl ;  WmtvlH. 

pantaa  Rlil>u  (9  plnei)]  Adin^  LocDmo.  Tran  CrlHidn  (or  Diiriiic  BiS :  KBnll  Dscki 

live.  Sl   Hdaa*!  Ceqal  Rjfinv  (aplaln);  IfipLiEDl;  Whort  Vaxtnt  Exantoi:  Hmn- 

Cadihhi  SubM  SIlAm  Rvi<  OuHnE  Cnst  doUeu  DisirJci  RjUKdy  fd  pUKJ  ^  If ubona 

Rallwiy  I]  pkOC*)  1  Bold  Bridie  fmlBeRInt  Poru,  ud  Bniknien  |]  plina). 
Moke  b  |HMJ;  Telieie|Jilc  Appuini  Tor 

Mr.  Hunl!n^T^l«  jiccumcy  lutd  fcoenl  ei«-Uu;e  cf  (hl4  worlT are  *«ll  known  vhlle  Id  uhAJ. 
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THgiMMymetrical  Surveying* 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 


Fourth   Edition,   Revised   and  partly   Re-written   by    Captain    C^arlbs 
Warrbn,  R.E.    With  29  Plates  and  1x5  Woodcuts,  royal  8vo,  i6s.  doth. ' 

CoH/tMtt.—Cba.p.  I.  Geoetal  Outline  of  the 
System  of  canyinc  <m  a  Trigonometiical  Sot- 
T«f. — Chap.  II.  Meamrcments  of  a  Base  Line. 
—Chap.  in.  Trianpjlation.— Chap.  IV.  Interior 
FOlfaw.in  of  a  Sonrey,  either  entirely  or  paitially 
Iff  Measurement.  —  Okap.  V.  LeveDtni;  and 
Contouring.  —  Chap.  VI.  Levelling  by  Baro- 
'  andxbermometric  Hypsometer.— Chap. 


Hints  on  Sketching  Ground,  Colonial  Survev- 

top.  } 
nfscted  with  a  Trigonometrical  Snrrey.— Chap. 


ing.— Chap.  XI 


ung  ur 
.   Geodi 


iesical  Operations  con- 


XII.  Practical  Astronomy.— Problems*  Tables, 
&c. 

■*TlM  dniple  fiict  that  a  fourth  edMon  has  been  called  for  Is  the  best  testimony  to  its  merits. 
No  words  of  praise  from  us  can  strengthen  the  position  so  weO  and  so  steadily  maintained  by  this 
worie.  Captam  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were  necessary  to 
bring  every  poitioa  of  the  contents  up  to  the  present  date."— ^rwr^  Arrow. 

Oblique  Bridges. 

A  PRA  CTICAL  AND  THEORETICAL  ESSA  Y  ON  OBLIQUE 
BRIDGES.  With  13  large  Plates.  By  the  late  Georgb  Watson  Buck, 
M.I.C.E.  Third  Edition,  revised  by  his  Son,  J.  H.  Watson  Buck,  M.I.C.E.  ; 
and  with  the  addition  of  Description  to  Diagrams  for  Facilitating  the  Cod* 
stmction  of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.C.E.  Royal  Svo^.  ms, 
cloth. 

**  The  standard  text-book  for  all  engineers  regarding  skew  arches  Is  Mr.  Back's  treatise,  and  it 
wotdd  be  Impossible  to  consult  a  better. —£«vitH«er. 

"  Mr.  Back's  treatise  is  recognised  as  a  standard  text-book.  and  his  treatment  has  divested  the 
subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and  ardii- 
tect,  on  a  confessedly  diiScult  sutjcct,  Mr.  Buck's  work  is  unsurpa»ed."— ^»t/tf^/^  Ntws. 

Bridge  Construction  in  Masonry,  Timber  and  Iron* 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC^ 
TION  OF  MA SONRY,  TIMBER,  A  ND  IRON.  Consisting  of  46  Plates  from 
the  Contract  Drawings  or  Admeasurementjef  select  Works.  By  W.  D. 
Hasxoll,  C.B.  Second  Edition,  with  thM^ition  of  554  Estimates,  and  the 
Practice  of  Setting  out  Works.  Illimfned  with  6  pages  of  Diagrams.  Imp. 
4to,  £2  I2S.  6d.  hali-morocco. 

of  Mr.  HaskoU'a  experience  must  piove  Invaluable. 
its  value."— £»V<'««'*V' 


"  A  work  of  tlM  pruent  nature  by  a 
The  tables  of  estimates  will  conside: 


of  80  feet. 
8vo,  5J.  cloth. 

"  The  way  In  wl 
eteaipnts,  two  In  wt* 


Earthwork*         ^ 

EARTHWORK  jl^^l^ES,    Showing  the  Contents  in  Cubic 
Yards  of  Embanlorf^.    Cuttings.  &c.,  of  Heighu  or  Depths  up  to  an  average 
-^y  J^H  BroadbInt,  C.E.,  and  Francis  Camfin,  C.E.    Crown 

h  accuracy  b  attained,  by  a  simple  division  of  t»A  c««  sectfcw  Intothiee 
-n  aJe^Sant  and  onTvaiiable,  &  ingenfc)us."-^/*«i«i*^ 

Barlow'B£f.^^^^fi  of  Materials,  enlarged. 

A  TR^.-r-isE  ON  THE  STRENGTH  OF  MATERIALS; 
«Vfor  Application  in  Architecture,  the  Construction  of  Suspension 
Siawayf  io^  By  Petkr  Barlow,  F.R,S.  A  New  Edition,  revised 
^S  p!^.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S. ;  to  which 
fEx^riments  by 'Hodokinson,  Faxrbairn,  and  Kiiucaldy  ;  and 
L^or  Calculating  Girders,  Ac.  Arranged  and  Edited  by  W.  Hombrr. 
it.  CjH  D«ny  8vo.  400  pp..  with  19  large  PUtw  md  nomecMis 
^s,  x8s.  doth. 

Hke  to  the  student,  tyfo.  and  the  experienced  P«<^«*<»«fA  *?*  ^^^  "^  ^ 
BirwdSiSlMMS  SSdard  treatise  ot  that  partteular  subiect."-^>V<«.r. 

Ich  no  engfaieer  of  any  kted  can  afford  to  be  without,"— C<rf/^>y  GuaryHaH. 

^  erealer  authority  than  Bulam.^-BuiUinr  Ntws. 

rfJI^;^;^)^*  ictettlfic  work  of  the  first  <iase.kdes«v«afcf^^ 
of  every  clv«,'^J^2^^  piactfcai  mechanic."-^V«**  MechmnU. 


with  RnM 
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by  his  r 
are  addi 
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Survey  I^ractiee* 

AID  TO  SURVEY  PRACTICE,  for  Rsfenna  in  Surwymg,  Livd- 
ling^  Setting'OUt  and  in  Romtt  Surveys  of  TravelUrs  by  Land  atid  Sea,  With 
Tables,  lUastrationt.  mod  Rec<x-d8.  By  Lowis  D'A.  Jackson,  A.M.I.C.E.. 
Author  of  "  Hydnnlic  Msnusl,** "  Modern  Metrology/'  ftc  Laiige  crown  Svo, 
xas.6il.  cloth. 


**Mr.  Jackaoa  has  produced  s  Tafaiable  trndfrnsmm  for  the  sorrejror.    We 
rhb  book  as  oootainiag  an  aduiirahle  supplement  to  the  teaching  of  the  aCGoraplished  Sttrveyor."— 


*' We  cannot  ifiewninend  to  the  student  who  knows  soBaetfainr  of  Che 
of  the  Bibject  a  better  contse  than  to  fortify  his  practice  in  the  fisid  ond 
with  a  stoay  of  Mr.  Jackson's  nseftii  mmaaiy—BMiUiMf  News. 

"  The  author  brings  to  his  vork  a  fortunate  union  of  theory  and  practical  experience  vhicb, 
aided  by  a  dear  and  Indd  style  of  writing,  tenders  the  book  a  rery  useful  oBm,"—Bmiidgr, 

Levelling. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF 
LEVELLING.  Showing  its  Application  to  piuposes  of  Railway  and  Civil 
Engineering,  in  the  Construction  of  Roads :  with  Mr.TBUPORn's  Rules  for  the 
same.  By  Prbdbrick  W.  Siims,  F.G. S.,  M.  Inst.  C.E.  Seventh  Edition,  with 
the  addition  of  Law's  Practical  Examples  for  Setting-out  Railwaj  Curves,  and 
Teautwink's  Field  Practice  of  Laying-out  Circular  Curves.  With  7  Plates 
and  numerous  Woodcuts,  8vo,  85.  &i.  doth.  \*  Trautwihx  00  Curves, 
separate,  5s. 
**  The  tezt-book  on  lereOfaig  in  most  of  our  engineering  scfaoob  and  coOegev."— ft^fwrcrr. 

"  The  Dttblishers  hare  rendered  a  substantial  serrice  to  the  profession.  especiaBy  to  the  yoauger 
members,  by  bringing  out  the  present  edition  of  Mr.  Sinuns'  useful  wotk."—Efi£iiutriM£. 

Tunnellinff. 

PRACTICAL  TUNNELLING,  Explaining  in  detail  the  Setting- 
out  of  the  works,  Shaft-sinkingand  Heading-driving,  Ranging  the  Lines  and 
Levelling  underground,  Sub-Excavating,  Timbering,  and  the  Construction 
of  the  Brickwork  of  Tunnels,  with  the  amoimt  of  Labour  required  for,  and  the 
Cost  of,  the  various  portions  of  the  work.  By  Frbdsrick  W.  Siuif  s,  F.G.S., 
M.  Inst  C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kinhsab  Clabx, 
M.  Inst  C.E.  Imp.  8vo,  with  ax  Folding  Plates  and  numerous  Wood  Engrav- 
ings, 30s.  doth. 

"The  estimation  in  which  Mr.  Simms*  book  on  tnnnelHiig  has  been  field  for  over  thirty  years 
cannot  be  mora  troly  expressed  than  in  the  words  of  the  late  Professor  Rankiae :— *  The  best 
source  of  information  on  the  snbjea  of  tunnels  Is  Mr.  F.  W.  Simms'  woric  on  FkactJcal  TuttneOing.' " 
—ArcMUtet. 

"  It  has  been  regarded  Ann  the  first  as  a  text-book  of  the  subject.  *  •  •  •  Mr.  Cbik  has 
added  Immensely  to  the  ralue  of  the  book."— f  iv^^pmct. 

"  The  additional  chapters  by  Mr.  Clark,  containhig  as  tJ^  do  aomefoos  mmples  of  modem 
practice,  bring  the  book  well  up  to  dax^''—EttgiHeeriHg: 

JStaticSf  Graphic  and  Analytic^        ^ 

GRAPHIC  AND  ANALYTIC  STATICS,  in  Theory  and  Compari- 
son :  Their  Practical  Api^lication  to  the  Treatment  of  StV^^ses  in  Roofs,  Solid 
Girders,  Lattice,  Bowstnng  and  Suspension  Bridges,  Braic^  Iron  Arches  and 
Piers,  and  other  Frameworks.  To  which  is  added  a  Chap!^  <»^  Wind  Pres- 
sures. By  R.  Hudson  Graham,  CE.  With  numerous  RTatW^es.  many  taken 
from  existing  Structures.    Bvo,  16s.  cloth.  ' 

"Mr.  Goham's  book  wiD  find  a  place  wherever  gr^ihlc  and  analytic  statics  are^P*' or  studied. 
JEiifArncr. 


"  This  erimusdye  treatise  h  admirably  adapted  for  the  aivhitect  and  engineer-**'*™ 
to  wean  the  profession  from  a  tedious  ana  laboured  mode  of  «-«in«'»Hiw  To  prove  t^  nccasacy  oc 
the  graphical  demonstrations,  the  author  compares  them  with  the  analytic  formulae  i^'^'^  ^'  '^^"'^' 
kJmm."—BMM^£^  News.  *■ 

"The  work  is  esceDent  fkom  s  practical  point  of  view,  and  has  evidently  been  *«P>red  with 
much  care.  The  directknis  for  working  are  ampK  and  are  Ohistrated  by  an  aburi^*^<=*  of  weS- 
seiected  examples.    It  is  an  excellent  text-book  for  the  practical  drangfatsman."— JJ|^*'">***'^ 

Strains,  FortnukB  and  IHagramsfor  Caleul€i^on  of. 

A  HANDY  BOOK  FOR  THE  CALCULATION  OF  SP'R^^NS 
IN  GIRDERS  AND  SIMILAR  STRUCTURES,  AND  THEIR  sfRE^OTH 
Consisting;  of  Formula  and  Corresponding  Diagrams,  with  num  An><is  detaSs 
for  Practical  Application,  &c.  By  William  Humbsr,  A-M.  Ins»C.B.,  &c 
Third  Edition.  Crown  8vo,  nearly  zoo  Woodcuts  and  3  Plates,  7S^^-  cloih. 
The  formulie  are  needy  expressed,  and  the  diagrams  good.**— ^M«i«4Cwik.  *  4 
UsAJMuS!^  commend  this  really  Mamify  book  to  oar  engineer  and  architect  nadS^^'^n 
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HydrauUe  Tttbles. 

HYDRAULIC  TABLES,  CO-EFFICIENTS. and  FORMULAS 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  PiPcs,  and 
Kivers.  With  New  FormalaBi  Tables  and  General  Information  on  Kainfiall, 
Catchment-Basinft,  Drainage*  Sewerage^  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Nbvizxb,  Civil  Engineer,  M.R.I.A.  Third  Edition,  care- 
fully revised,  with  considerable  Additions.  Nnmeroos  niostrations.  Crown 
8vo,  14s,  doth/ 

"  Alik«  valoaUe  to  stadants  and  enclneets  in  practice ;  its  study  wHl  prerant  the  annayance  of 
avoidable  faihires,  aad  asdst  theia  to  select  the  readiest  aaeaas  of  sacccssfiUly  caivying  out  any 
given  worlc  connected  with  hydraulic  engineering.'*--i#^<«<iy  yvumoL 

"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  cooapledoa.  .  .  .  From  tlw 
good  arrangeroeat  m  the  matter,  the  dear  eiEplanatioos,  and  abundance  of  formube,  the  carefUOy 
calculated  tablea,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  constructioa 
wlitch  is  displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisltioo.  — ^rvAtteA 

B,iver  JEnfjtineering, 

RIVER  BARS :  The  Causes  of  their  FormatUm,  and  their  Treatment 
by  **  Induced  Tidal  Scour. "  With  a  Description  of  the  Successful  Reduction 
by  this  Method  of  the  Bar  at  Dublin.  By  L  J.  Mann,  Assist.  Eng.  to  the 
Dublin  Port  and  Docks  Board.    Royal  8vo,  7s.  6d,  cloth. 

"  We  recommend  aD  interested  in  harbour  worics^and,  indeed,  those  concerned  in  the  improve- 
ment of  rivers  generally— to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river  bars.'  — 

"  The  anther's  discaasion  on  wave^ction,  currents,  and  scour  is  intdligent  and  interesting.  .  . 
a  most  valuable  cootxibution  to  the  histoiy  of  this  branch  of  engincenng."— if/tfifcMr<^  and 
Mining  yountoL 

Hydraulics, 

HYDRA  ULIC  MANUAL.  Consisting  of  Working  Tables  and 
Elplanatory  Text.  Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field 
Operations.  By  Lewis  D'A.  Jackson.  Fourth  Edition,  Rewritten  and  En- 
larged.   Large  crown  8vo,  16s,  cloth. 

**  The  author  has  had  a  wide  experience  in  hydraulic  eiwineering,  both  in  South  America  and 
in  India,  and  has  been  a  careful  observer  of  the  facts  which  Mve  come  under  Us  notice,  as  well  as 
a  painstaking  collector  and  critic  of  the  remits  of  the  experiments  of  othen ;  and  from  the  great 
mass  of  material  at  hb  command  he  has  constructed  a  manual  which  may  be  accepted  as  a  trust- 
worthy guide  to  this  branch  of  the  engineer's  profession.  We  can  heartily  recommend  this 
volume  to  all  who  desire  to  be  aequainted  with  the  latest  development  of  this  important  subject."— 

£ttgiM£arif*£, 

*'  The  moat  useful  feature  of  thb  work  is  its  freedom  fitun  what  b  superannuated  and  its 
thorough  adoption  of  recent  experiments ;  the  text  ia^  in  fact,  in  great  part  a  short  account  of  the 
great  modem  experiments."— ^a/Mr».       

Tramways  and  their  Working, 

TRAMtVAYS:  THEIR  CONSTRUCTION  AND  WORKING. 
Embracing  a  Comprehensive  History  of  the  System;  with  an  exhaustive 
Analysis  of  the  various  Modes  of  Traction,,  including  Horse-Power,  Steam, 
Heated  Water,  and  Compressed  Air ;  a  Description  otthe  Varieties  of  Rolling 
Stock:  and  ample  Details  oi  Cost  and  Woraing  Expenses:  the  Progress 
recently  made  in  Tramway  Construction,  &c  &c.  By  D.  Kinnbar  Ci^rk, 
M.  Inst.  C.E.  With  over  aoo  Wood  Engravings,  and  13  Folding  Plates.  Two 
Vols.,  large  crown  8vo,  30s.  cloth. 
"  An  intereited  In  tramways  must  refer  to  it,  as  all  raflway  engineers  have  turned  to  the  author's 

work '  Railway  Machinery.'"— f«v^<«''> 

"  An  exhaustive  and  practical  work  on  tramways,  in  which  the  history  of  thb  kind  of  ktcomo- 

tlon,  and  a  description  and  cost  of  the  various  modes  of  laying  tramways,  are  to  be  found.  '— 

Btiitding  News. 

"The  best  form  of  ralb,  the  best  mode  of  construction, and  the  best  mechanical  appliances 

are  so  fairly  indloited  in  the  work  under  review,  that  any  engineer  about  to  conttruct  a  tramway 

will  be  giaplnil  at  once  to  obtain  the  practical  information  which  will  be  of  moat  service  to  hhn."— 

ObUque  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OP 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with  Plates.  Im- 
perial Bvo,  8s.  cloth. 

Strength  of  Girders, 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COMPUTA- 
TION  OP  THE  WEIGHTS  OF  WROUGHT  IRON  AND  STEEL 
GIRDERS,  &c„  for  Parliamentary  and  other  EstimateSi.  By  J.  H.  Watson 
Buck,  M.  Inst.  CB.   On  a  Sheet,  as.M. 
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ToMes  for  Setting^aut  Curves, 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 
for  Settmg-oid  Curvet  from  5  to  acx>  Radius,  Br  Auexasder  ■Bb42KX.bt, 
M.  Inst.  C.E,  Third  Edition.  Printed  on  48  Caras,  and  sold  in  a  doth  box, 
waifttcoat*poclcet  size,  s$.  6d, 


M  < 


'EacktibleispriBledMasaMacaid,wlik:3i,  bdiifrplaoBdoatitelheoddktt,lea(*«>  the  hands 
free  to  maalpalate  nie  instranMat— nosmaO  adrantag*  as  regards  the  rapidhjrof  muk."-— £«v*'*<*r. 

**  Vwy  haadj ;  •  naa  naj  know  that  wSL  his  day*s  wotk  toast  Ml  on  two  of  thfese  cwdik  ^riaA 
he  pots  into  hb  own  canUsseb  and  leaves  the  rest  b«faind.''*-^<*cabBi>JK. 


Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK,  afflUi 
to  Laud  and  HydramUc,  Hydrographic,  amd  StUmtarimeSurvmugaftdLtPaUag. 
Second  Edition,  Revised,  with  considerable  Additions,  and  a  Snpirfeinent  on 
Waterworks,  Sewers,  Sewage,  and  Irrigation.  By  W.  Davis  Haskoll.,  C.B. 
Nnmeroos  Folding  Plates.    In  One  Volume,  demy  Svo,  £1  55.  doth. 

Large  Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS  :  A 
Practical  and  Theoretical  Essay,  By  J.  H.  Watson  Bvck,  M.  Inst.  C.E., 
Resident  Engineer,  London  and  North- Western  Railway.  lUostrated  with 
Folding  Plates,  royal  8vo,  12s.  doth. 

**  MaB7  of  die  methods  siven  areoTextreaae  fwaetical  vahie  to  the  mason ;  and  the  otacsratEoBS 
on  the  form  of  ardL  the  rules  for  ordering  the  stone,  and  the  constmctimi  of  the  templates  wiB  be 
found  of  considerable  use.  We  commend  the  book  to  the  eogineeriag  pmfeiiiinn  "•—BHiUmg 
Nrvs. 

"  wm  be  regarded  by  ctv3  engineers  as  of  the  utmost  Tahi^  and  calculated  to  save  much  time 
and  obviate  many  mistakes." — Couiery  Gmardian, 

Fieid'JBook  far  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  AND  CON- 
TRA CTOR  '5  FIELD-BOOK.  Consisting  of  a  Series  of  TaUes,  with  Roles. 
Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse  Sorreying  and 
Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only ;  Levelling  with  the  Theoddite,  Casting-out  and  Redodng 
Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary  manner ;  setting-oat 
Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  vdth  Right 
and  Left-hand  Readings  of  the  Instrument:  Setting-out  Ctnrves  vrithout 
Theodolite,  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  OS- 
sets :  and  Earthwork  Tables  to  80  fioet  deep,  calculated  for  every  6  inches  in 
depth.  By  W.  Davis  Haskoll,  C.E.  With  numerous  Woodcuts.  Fourth 
Edition,  Enlarged.    Crown  8vo,  12s,  doth. 

"The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables  of  l 
and  tangents  to  every  minute  will  make  it  asefaTfoc  many  other  purposes,  the  gemtine  ttmi 
tables  existing  all  the  saaBmS^Athenttum. 

"Every  person  engaged  in  en^neering  fidd  operations  will  estimate  the  fanpottance  of  snch  a 
work  and  the  amunnt  of  valuable  tmie  which  vrill  be  saved  ^y  reference  to  a  set  of  leliafale  tables 
prepared  wildi  the  accaracy  and  fulness  of  those  gives  in  this  vohime."— .Aat^mqy  A^raw. 

Earthwork^  Measure$nent  and  Calculation  of, 

A  MANUAL  ON  EARTHWORK.  By  Alex.  J.  S.  Graham, 
C.E.    With  numerous  Diagrams.    i8mo,  is.  6d.  doth. 

"  A  great  amount  of  practical  information,  very  admirably  arranged,  and  avaSablo  or  rotxgh 
stimates,  as  well  as  for  the  more  exact  cafeuladons  required  fai  the  engineet^  and  coetiactor^ 
fiices."— v^rMsoN. 

Strains, 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK;  wilh 
Practical  Remarks  on  Iron  Construction.    By  P.  W.  Sbbilds,  IIL  Inst.  C.B. 
Second  Edition,  with  5  Plates.    Royal  8vo,  ss.  cloth. 
"The  student  cannot  find  a  better  little  book  on  this  tahjecW'—Etffimtr, 

Strength  of  Cast  Iron^  etc, 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST 
IRON  AND  OTHER  METALS.  By  Thomas  Trbdoolo.  C.B.  Fifth 
Edition,  induding  Hodounsom's  Expenmental  Researches.    8vo,  zas.  cloth. 


MECHANICS  6*  MECHANICAL  ENGINEERING.         7 

IffECHANICS  ft  MECHANICAL  BNQIMEEBINQ, 
Mechanic's  Workshop  Companion. 

THE  OPERATIVE  MECHANICS  WORKSHOP  COM- 
PANION, AND  SCIENTIFIC  GENTLEMAN'S  PRACTICAL  ASSIST- 
ANT, Comprising  a  great  variety  of  the  most  useful  Rules  in  Mechanical 
Science:  with  numerous  Tables  of  Practical  Data  and  Calculated  Results. 
By  W.  Tbmplbton,  Author  of  "The  Engineer's  Practical  Assistant."  Thir- 
teenth Edition.  With  Tables  for  Operative  Smiths,  Millwrights,  Engineers, 
&c..  and  Useful  and  Practical  Rules  in  Hydraulics  and  Hydrodynamics,  a 
variety  of  Experimental  Results,  and  an  extensive  Table  of  Powers  and 
Roots.    XX  Plates.    lamo,  55.  bound. 

"  As  a  text-book  of  reference.  In  which  mechanical  aod  commercial  demands  arc  Judidoualy 
cne^  'Templaton's  Companiqp '  stands  unrivalled.*'— J/«eAa»/r'x  Maga^ittt, 

"It  has  met  with  great  success  in  the  ensineeringf  workshop,  as  we  can  testify ;  and  there  are 
a  ercat  many  men  who^  in  a  great  measure,  owe  their  rise  In  life  to  this  little  book."— iffwiitf ^^u' 

Ivrws. 

Engineer's  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT *S,  and  MACHINISTS 
PRACTICAL  ASSISTANT.  Comprising  a  collection  of  Useful  Tables, 
Rules  and  Data.  Compiled  and  Arranged,  with  Original  Matter,  by  William 
Tbmpletom.  Seventh  Edition.  Carefully  revised,  with  Additions.  x8mo, 
2S.  6d.  cloth.  \Jusi  published, 

**W1th  the  ntmost  confidenoa  we  commend  this  book  to  the  attention  of  our  readers."-- 

MeckanA*!  Mafaxine. 

"  A  more  suitable  present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not  possibly 

be  tdhSm."— Building  News. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS,  By  Dionysius  Lardner, 
D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  Uni- 
versity College,  London.  New  Edition,  Edited  and  considerably  Enlarged 
by  Bbmjaii IN  LoBWT,  F.R.A.S.,  &c.    378  Illustrations,  post  8vo,  6s.  cloth. 

"  The  explanations  throughout  are  studiously  popular,  and  care  has  been  taken  to  show  the 
application  or  the  Tarious  brandies  of  physics  to  the  industrial  arts,  and  to  the  practicil  business  of 
b{c''—-A/iniH£'  ymtmal. 

Taming. 

LATHE^WORK  :  A  Practical  Treatiu  on  the  Tools,  Appliances, 
and  Procisses  employed  in  the  Art  of  Turning.      By  Paul  N.  Hasluck. 
Second  Edition,  thoroughly  Revised,  with  a  New  Chapter  on  the  Screw- 
cutting  Lathe.    Crown  8vo,  55.  cloth. 
"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 

to  do  it.  and  how  to  convey  his  knowledge  to  others.  To  afl  turners  this  book  wouki  be  Taluable."— 

JiMgiHeerint^, 

We  can  safely  recommend  the  work  to  young  engineen.    To  the  amateur  it  will  simply  be 
inraluable.    To  the  student  it  will  convey  a  great  deal  of  useful  \afQTwa.tion.''—£*i£rinefr, 

"A  compact,  succinct,  and  handy  guide  to  lathe-work  did  not  exist  in  our  language  until  Mr. 
Hasluck,  t>y  the  puldication  of  this  treatise,  gave  the  turner  a  true  vtMk-mec»7H,"'-Mmje  Dttora/cr, 

Metal  Turning. 

THE  METAL  TURNER'S  HANDBOOK.  By  Paul  N. 
Ha8L<;cx.    With  over  xoo  Cots.    Second  Edition,  revised.    Crown  8vo. 

[In  the  press. 

Iron  and  Steel. 

•*  IRON  AND  STEEL  "  ;  A  Work  for  the  Forgi,  Foundry,  Factory, 
and  Office.  Containing  ready,  useful,  ana  trustworthy  Information  for  Iron- 
masters and  their  Stock-takers ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet 
Rolling  Mills:  Iron  and  Metal  Founders;  Iron  Ship  and  Bridge  Builders ; 
Mechanical,  Mining,  and  Consulting  Engineers ;  Architects,  Contractors. 
Builders,  and  Professional  Drau^ditsmen.  By  Charlbs  Hoars,  Author  ot 
"  The  Slide  Rule,'*  &c.  Eighth  Edition.  Revised  throughout  and  considerably 
Enlarged.  With  folding  Scales  of  *' Foreign  Measures  compared  with  the 
English  Foot.**  and  "  Fixed  Scales  of  Squares,  Cubes,  and  Roots,  Areas, 
Decimal  Equivalents,  &c.**    Oblong  samo,  leather,  elastic  band,  6s. 

*'  For  comprehensiveness  the  l>ook  has  not  its  equal."— /nnf. 

**On«  of  the  best  of  the  pocket  books,  and  ■  aseftal  companion  In  other  branchet  of  work  than 
iron  and  tMAT—EfigHsA  Mtdkanic, 
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Stone^workino  MacMnerff. 

STONE-WORKING  MACHINERY,  ani  tlu  Rapid ud  E, 
cal  CotivirtiOB  0/  Slr'u,  With  Himi  on  ihe  Amnnmnt  ind  HanigCDieiil 
□[SlonaWockL  BtM.PdwiiBui.  M.I.M.E.,A.U.1.CE.  Wth  DWDerooa 
Iliiutntioa*.    Larga  ciowd  Bto,  91.  cloth. 


Bnfftneer'a  Reference  Book. 

THE    WORKS'   MANAGER'S   HANDBOOK  OF  MODERN 

RULES.  TABLES.  AND^DATA.    For  Engineeri,  UillwriKhtt,  ind  Boiler 

ilea]  EnRiaeer.    Second 
Valama.  medium 


Engineering  Conatruction, 

PATTERN-MAKING:  A  Praclical  Trialisf,  embTacing  tbeMila 
Type)  of  Enginmrini!  Conslniclion,  and  including  Gearinn,  both  Hmd  and 
Uuctune  nia3e,  EnRioe  Work,  Sbeiv«  nnd  Pulleyi,  Pip«(  and  Columoi, 
Scienrs,  Machins  Parli,  Piiinpi  and  Cock),  the  Moulding  of  Pitlemi  in 
Loam  and  Greensuid,  Itc.  togetber  with  tbe  methods  of  Ettimaluig  lbs 
weigbt  of  Culiogl:  10  vblcb  ii  added  an  Appeodii  of  Tabia  lor  Workibop 
Reference.  Bt  ■  Fokimah  P*T»tiH  Makii.  Wilb  Dpirarda  of  Three 
HoDdted  and  Seventy  IllustrUionB.  Crown  Svo,  71. 6^  ekith.  [Jiint  piMiskal. 


daliwia  of  boini  lililu«l  ivgihc  niiariEi  St  pttun-nalUiif.-^SMJilir. 

Smith'a  TaMes  for  Mechantea,  etc. 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS. 
FOR  UECHANICS,  ENGINEERS.  ARCHITECTS,  BUILDERS,  tic. 
Selecled  and  Amiiged  by  FaAHcis  Suith.    Third  EdiUoa,  RevUed  and  Bo- 


The  High'Presanre  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM-ENGINE  ;  A»  Extosh 
tifili  CBmCarativt  Utrili  and atiEaiiylomardian  ImtnvtiSratmBfCeisI 
Am.  Bybr.  Ehhbt  ALBAH.  Translated  from  the  Geimaii.  mlh  Moiei 
Dr.  Pole.  M.  Init,  C.E..  &c.    With  iB  Platci.    Svo.  iCi.&f.dolh. 


ARCHITECTURE,  BUILDING,  $te.  xi 

ARCmTEOTURB,  BUILDmO,  etc. 

Consiructi4MU 

THE  SCIENCE  OF  BUILDING  :  An  Elementary  Treatise  on 
tfu  PrincipUs  of  Construction.     By  E.  Wyndham  Tarn,  M.A.,  Architect 
Second  Edition,  Revised,  with  58  Engravings.    Crown  8vo,  7s.  6d.  cloth. 
"  A  rttj  valuable  book,  which  we  strongly  reoommead  to  all  students.'*-'^MiX/4rr. 
"  No  architectural  student  should  be  without  this  handbook  of  coostmctioQal  knowledge."— 

ViUa  Architecture* 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE :  Beine  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles,  With  Outline 
Specifications  and  Estimates.  Bv  C.  Wickbs,  Architect,  Author  of  "The 
Spires  and  Towers  of  England,"  ftc.    30  Plates,  4to,  half-morocco,  £1  is, 

'  %*  Also  an  Enlarged  Edition  of  the  above.  6z  Plates,  with  Outline  Speci- 
fications, Estimates,  &c    £2  as.  half-morocco. 

"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  aad 
they  win  prove  very  valuable  and  suggestive."— irM</tft>v'  Avwx. 

Useful  Text-Book  for  Architects. 

THE  ARCHITECTS  GUIDE:  Being  a  Text-Book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of 
Works,  &c.  &c.  By  Frbderick  Rogers,  Architect,  Author  of  "  Specifica- 
tions for  Practical  Architecture,"  &c.  Second  Edition,  Revised  and  Enlarged. 
With  numerous  Illustrations.    Crown  Svo,  6s.  cloth. 

"  As  a  text-book  of  useful  information  for  architects,  engineers^  snrvejrors,  &c.,  it  would  be 
hard  to  find  a  handier  or  more  complete  little  volume,"— Stamlani. 

"A  young  architect  could  hardly  have  a  better  guide-book."— TVaeA^r  Trades  youmal, 

Taylor  and  Cresy's  JRome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.R.I.B.A.,  and  Edward  Crbsy,  Esq.  New 
Edition,  thorouEhly  revised  bv  the  Rev.  Alexander  Taylor,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  reUow  of  Queen's  College,  Oxford,  and  Chap- 
lain of  Gray's  Inn.    Large  folio,  with  130  Plates,  half-bound,  £1  3s. 

N.B.~This  is  the  only  book  which  gives  on  a  large  scale,  and  with  the  pre- 
cision of  architectural  measurement,  the  principal  Monuments  of  Ancient  Rome 
in  plan,  elevation,  and  detail. 

''Taylor  and  Cresy's  work  has  from  its  first  pubHcation  been  ranked  among  those  profesdonal 
books  which  cannot  be  bettered.  ...  It  would  be  difficult  to  find  examples  of  drawings,  even 
among  those  of  the  most  painstaking  students  of  Gothic,  more  thoroughly  worked  out  than  are  the 
one  hundred  and  thirty  putes  in  this  volume."— vfreA£(!rc/. 

I>rawingfoT  Builders  and  Students  in  Architecture. 

PRACTICAL  RULES  ON  DRAWING,  for  the  OperaHve 
Builder  and  Young  Student  in  Architecture,  By  George  Pynb.  With  14 
Plates,  4to,  7s.  6d.  boards. 

Spedfieations  for  JPractical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE: 
A  Guide  to  the  Architect,  Engineer.  Survejror,  and  Builder ;  with  an  Essay 
on  the  Structure  and  Science  of  Moaem  Buildings.  By  Frederick  Rogers, 
Architect    With  numerous  Illustrations,  demy  Svo,  iss.  cloth. 

*.*  A  volume  of  specifications  of  a  practical  character  being  greatly  required,  and  the  old 
standard  work  of  AlfrM  Bartholomew  betng  out  of  print,  the  author,  on  the  basis  of  that  work, 
has  produced  the  above.— /ur/rocZ/rvm  Pr^«ux. 

The  House-Owner's  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR  ;  or.  What  will  it  Cost 
to  Build,  Alter,  or  Reoair?  A  Price  Book  adapted  to  the  Use  of  Unpro- 
fessional People,  as  well  as  for  the  Architectural  Surveyor  and  Builder.  By 
the  late  Jambs  D.  Simon,  A.R.I.B.A.  Edited  and  Revised  by  Francis  T.  W. 
Miller,  A.R.I.B.A«  With  numerous  Illustrations.  Third  Bditioo,  Revised. 
Crown  8vo,  3s.  6d,  cloth. 

"  In  two  years  it  wOl  repay  its  cost  a  hundred  times  atcx."—FieU, 
"  A  rety  handy  book."~f i^/^A  Mechanie, 


/ 
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THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS. 

{Known  as  **  The  Bnqinb  Duvks's  Fxixro  **). 

JA>c&fnaHve^Mngine  Driving^ 

LOCOMOTIVE-ENGINE  DRIVING  :  A  Practical  Manual  for 
EngineiTs  in  charge  of  Locomotive  Engines.  By  Michael  Rbynox.ds,  Member 
of  the  Society.of  Engineers,  formerly  Locomotive  Inspector  L.  B.  and  S.  C.  R. 
Sixth  Edition.  Including  a  Ksy  to  the  Locomotive  Engine.  With  Illus- 
trations and  Portrait  of  Author.  Crown  8vo,  4^.  6d.  cloth. 
"Mr.  Reynolds  has  sapplied  a  want,  and  has  supplied  It  wdL  We  can  ccofidentlx recommend 

Che  book,  not  only  to  the  practical  driver,  but  to  ercryone  who  takes  an  interest  in  the  pexforBianctt 

.  of  locomotive  ensines."— 77l«  Eur^iter. 

"Mr.  Reynokis  has  opened  a  now  chapter  in  the  Gteratore  of  the  day.    Of  the  practical  atifity 

of  Mr.  Reynolds's  book  we  have  to  speak  in  tenns  of  warm  commendatiao."— ^MewraiMf. 

"  Evidently  the  work  of  one  who  knows  his  anfc»}oct  thorougtily."— JCotfMiy  Service  (HueOe. 
"Were  the  cautions  and  rules  given  in  the  book  to  l>ccome  part  of  the  every-day  woikiEC  of 

our  engine-dxivers,  we  might  liave  fewer  distnasin);  accidents  to  depkne."— ^Sff<xl«•«M. 

The  Engineer^  Fireman,  and  Engine-Boy, 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN,  and 
ENGINE-BOY.  Comprising  a  Historical  Notice  of  the  Pioneer  Locomotive 
Engines  and  their  Inventors,  with  a  project  for  the  establishment  of  Certifi- 
cates of  Qualification  in  the  Running  Service  of  Railways.  By  Micrasl 
Reynolds,  Author  of  "  Locomotive-Engine  Driving."  With  namerons  Illus- 
trations and  a  fine  Portrait  of  George  Stephenson.    Crown  8vo,  41.  6d.  cloth. 

"  From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of  to-day  man 
forcibly  than  anythinnf  written  by  Dr.  SmileS.  .  .  .  The  volnme  contains  mformation  of  a  tech- 
nical kind,  and  facts  that  every  driver  should  be  familiar  Mtb."—£n£'iisJk  MeeAattic. 

"  Wc  should  be  j^lad  to  see  this  lx>ok  in  the  possession  of  everyone  in  the  kiqedom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine." — /roN. 

"Replete  with  information  and  graphic  detail  for  the  r^lway  man.'— JCtttfnay  Serbia  Gametu. 

Stationarg  Engine  I>riving» 

STATIONARY  ENGINE  DRIVING  :  A  Practical  Manual  for 
Engineers  in  charge  of  Stationary  Engines,  By  Michael  Rbtnoli>s.  Second 
Edition,  Enlarged,    with  Plates  and  Woodcuts.    Crown  Svo,  41.  6d.  cloth. 

"The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  varions  points 
treated  is  dear  and  practical.  .  .  .  lie  has  produced  a  manual  which  is  an  exoeedinsly  useful 
one  for  the  class  for  whom  it  is  specially  intended." — SnipiHteritig-' 

"Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readexs  shall  not  only  know 
something  about  the  stationary  engine,  but  all  about  it."—E n£r^neer. 

"  An  cngineman  who  has  mastered  the  contents  of  Mr.  Reynolds's  book  win  reqidre  bat  litUe 
actual  experience  with  boilers  and  ei^fines  before  he  can  be  trusted  to  h>ok  after  \haa."'—£it^iitA 
Alcchantc. 

"The  book  should  be  possessed  by  every  intelligent  and  ambitions  eqgiaeouui.'*— ^wtfi^r. 

Continuous  Railway  Brakes. 

CONTINUOUS  RAILWAY  BRAKES:  A  Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom ;  their  Construction  and 
Performance.  With  copious  Illustrations  and  numerous  Tables.  By  Michael 
Reynolds.    Large  crown  Svo,  9s.  cloth. 

"  A  popular  explanation  of  the  different  brakes.  It  will  be  or  great  assistance  la  formiqg  poblic 
opinion,  and  will  be  studied  with  benefit  by  Aose  who  take  an  interest  in  fte  brake.  ...  It  is 
a  cl::ar  exposition  of  the  brake  question  as  it  relates  to  the  rival  systems."— £«v^«<^  MtcManic. 

"Written  with  sufficicntgd  }yy  Fba1^iU\1P  enable  the  principle  and  relative  oonnection  of  th« 
variouj.  parts  of  each  part'jjjcoat.pocket  sUz^'UVS^"-^'^^'*^!  "'*^-  ^     .     , 

"  M^y  ^  recoimnc  ^  ^  ^^^  ^^  ^^^  ^  ^q  ^^^^^  ot  contmuou  bcakes.  -/n«., 

Eitnine^Xy '  ^  '^  would  be  to  make  a  univerol  medicine . 
J'  y  be  looked  upon  as  a  successful  attempt."— £#g>i>f». 

^N^G/Njcket  treasury  of  knowledge."— /rvn.  ''"fHtUf^tS    Ond     Inci- 

tiili^i-JPressure  Steam  Engine.  «**  R«yeolds. 

xirtz''' HIGH-PRESSURE  STEAM-ENGINE  :  /<«  ^miiiwconceotioas 
0/  its  Comparative  Merits  and  an  Essay  towards  an  Improved  System  4^  *"**•  —^VcrtM 
tion.  By  Dr.  Ernst  Alban.  Translated  from  the  German.  witlfL  ^d  •  Ka^ine. 
Dr.  Pole,  M.  Inst.  C.E.,  &c.  With  28  Plates.  Svo,  16s.  6d,  cloth.  ^^ShusiK^aS 
"Goes  thoroughly  into  the  examination  of  the  high-prcssore  engine,  the  boiler,  and  V<' 
ages,  and  deserves  a  place  in  every  scientific  library. —SteMy  Shif>^iHf  CJkrvmkk.        \ 


ARCHITECTURE,  BUILDIHG,  itc.  it 


rtinnr!rnTn>Tn   BUILDING,  etc. 

Construction. 

THE  SCIENCE  OF  BUILDING  :  An  Elementary  Treatise  on 
ttu  PrincipUs  of  Construction.     By  E.  Wyndrau  Tarn,  M.A.,  Architect. 
Second  Edition,  Revised,  with  58  Engravings.    Crown  8vo,  75. 6d.  cloth. 
"  A  T«ry  Tahiable  bocdc,  which  w«  strongrly  reoominend  to  aU  students."— ^Nttfrr. 
"No  architectural  student  should  be  without  this  handbook  of  constructional  luiowledge.''-^ 

Villa  Architecture* 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE :  Being  a 
Series  of  Designs  for  VUla  Residences  in  various  Styles.  With  Outline 
Specifications  and  Estimates.  By  C.  Wickbs,  Architect,  Author  of  "The 
Spires  and  Towers  of  England,"  &c.    30  Plates,  4to,  half-morocco,  £1  is. 

*4*  Also  an  Enlarged  Edition  of  the  above.    6x  Plates,  with  Oatline  Speci- 
fications, Estimates,  &c    £2  as.  half-morocco. 

"  The  whole  of  the  designs  tiear  evidence  of  their  belnff  the  woric  of  an  artistic  architect,  and 
they  win  prOTo  very  valuable  and  sugji^estive.''— i^ut/t/in^  News. 

Useful  Text-Booh  for  Architects. 

THE  ARCHITECTS  GUIDE:  Being  a  Text-Book  of  Useful 
Information  for  Architects^  Engineers,  Surveyors,  Contractors,  CUrks  of 
works,  &c.  &c.  By  Frbdbrick  Rogers,  Architect,  Author  of  "  Specifica- 
tions for  Practical  Architecture,"  &c.  Second  Edition,  Revised  and  Enlarged. 
With  numerous  Illustrations.    Crown  Bvo,  65.  cloth. 

"  As  a  text-book  of  useAU  information  for  architects,  cnsinecrs,  sunreyors^  &c..  It  would  be 
liard  to  find  a  handier  or  more  complete  little  volume." — StaMoard. 

"  A  young  architect  could  hardly  have  a  better  guide-book."— rifwArr  Tracks  yoitmai. 

Taylor  and  Cresy^s  Motne. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.R.I. B.A.,  and  Edward  Cresy,  Esq.  New 
Edition,  thoroughly  revised  by  the  Rev.  Alexander  Taylor,  M.A.  (son  of 
the  late  G.  h.  Taylor,  Esq.),  Fellow  of  Queen's  College,  Oxford,  and  Chap- 
lain of  Gray's  Inn.  Large  folio,  with  T30  Plates,  half-bound,  £3  35. 
N.B.— This  is  the  only  book  which  gives  on  a  large  scale,  and  with  the  pre> 

cision  of  architectural  measurement,  the  principal  Monuments  of  Ancient  Rome 

in  plan,  elevation,  and  detail. 

"Taylor  and  Cresy's  work  has  from  its  first  pubHcatton  been  ranked  among  those  professional 

books  which  cannot  be  bettered.    ...    It  wouki  be  difficult  to  find  examples  of  drawings,  even 

among  those  of  the  most  painstaking  students  of  Gothic,  more  thoroughly  worked  out  than  are  the 

one  handred  and  thirty  putes  in  this  volajae."—j4trAUect, 

JDrawingfor  Builders  and  Students  in  Architecture. 

PRACTICAL  RULES  ON  DRAWING,  for  the  Operative 
Builder  and  Young  Student  in  Architecture.  By  Gbokqb  Pynb.  With  14 
Plates,  4to,  7s,  6d.  boards. 

Specifications  for  Practical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE  : 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with  an  Essay 
on  the  Structure  and  Science  of  Modem  Buildings.  By  Frederick  Rogers, 
Architect.    With  numerous  Illustrations,  demy  Bvo,  15s.  cloth. 

*,*  A  volume  of  specifications  of  a  practical  character  being  greatly  recmired,  and  the  old 
standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis  of  that  work, 
has  produced  the  above. — Bxtractfrom  Pr^act. 

The  House-Owner's  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR  ',  or.  What  will  it  Cost 
to  Build,  Alter,  or  Repair?  A  Price  Book  adapted  to  the  Use  of  Unpro- 
fessional People,  as  well  as  for  the  Architectural  Surveyor  and  Builder.  By 
the  late  James  D.  Simon,  A.R.I.B.A.  Edited  and  Revised  by  Francis  T.  W. 
Miller,  A.  R.I.B.A.  With  numerous  Illustrations.  Third  Edition,  Revised, 
Crown  8vo,  3s.  6d,  cloth. 

"  In  two  years  It  will  rejiay  its  cost  a  hundred  times  aw."— Field, 
"A  v^  handy  book."— f^/^tA  MeeManie, 
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Civil  Architecture.  \ 

THE  DECORATIVE  PART  OF  CIVIL  ARCHTTECTURE. 
By  Sir  Wiluam  Chambbu,  F.R.S.  With  lUastrations,  Notes,  and  a 
Examiaation  of  Grecian  Architecture,  by  Josbph  Gwilt,  F.S^  Edited  by 
W.  H.  Lbsds.    66  Plates,  4to,  zts.  cloth. 

JDeHfffiing,  Measuring^  and  Valuing. 

THE  STUDENTS  GUIDE  to  tk$  PRACTICE  of  MEASUR- 
ING AND  VALUING  ARTIFICERS*  WORKS.  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into 
Bill,  with  Tables  of  Constants,  and  copious  Memoranda  for  the  Valuation  of 
Labour  and  Materials  in  the  respective  Trades  of  Bricklayer  and  Slater, 
Carpenter  and  Joiner,  Painter  and  Glazier,  Paperhanger,  ftc  With  8  Plates 
and  63  Woodcuts.  Originally  edited  by  Edward  Dobsoh,  Architect.  Fifth 
Edition,  Revised,  with  considerable  Additions  on  Mensuration  and  Construc- 
tion, and  a  New  Chapter  on  Dilapidations,  Repairs,  and  Contracts,  by  £. 
Wynoham  Tarn,  M.A.    Crown  8vo,  gs. 

**  Well  fulfils  the  promise  of  its  title-pofe.  and  we  can  thoraoKhly  iccoamcfld  it  to  the  dus 
for  whose  use  it  has  been  compiled.  Mr.  Tarn's  additions  and  rerisions  Iwvc  much  increased  tfa* 
usefiilness  of  the  work,  and  have  especially  augmented  its  vahie  to  students."— Nffi^fUMrrnv. 

"The  work  has  been  carefully  reiised  and  edited  by  Mr.  E.  WyndbaiB  Tan.  M.A.,  and  com- 
prnes  sercral  valuable  additions  on  construction,  mensuration,  dilapidations  and  repairs^  and  odKr 
matters.  .  .  .  This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measu^ 
big  and  Tahilng  artificers'  work  that  has  yet  been  pubUshed.'— ^Mfttfii^AVav. 

"  Might  be  read  and  studied  with  advantage  by  almost  everyone  havincf  a^T  ooaaectloa  «idi 
building  operations,  froni  the  architect  downwards.  —Buiidinjf  iFtrtd, 

JPocket  Estimator. 

THE  POCKET  ESTIMATOR  for  th$  BUILDING  TRADES. 
Beiog  an  Easy  Method  of  Estimating  the  various  parts  of  a  Bnilding  collec- 
tively, more  especially  applied  to  Carpenters*  and  Joiners'  work.  By  A.  C. 
Beaton^  Author  of  "  Quantities  and  Measurements.*'  Third  Edition,  care- 
fully revised,  33  Woodcuts,  leather,  waistcoat-pocket  size,  is.  6d. 

"Contains  a  good  deal  of  Information  not  easily  to  be  obtained  from  the  ordioaiy  ptice  books. 
The  prices  given  are  accurate,  auid  up  to  date."— ^k£&/i>v'  A'nfX. 

"This  book  is  as  complete  as  it  is  possible  to  make  M.'''~BHiU{mguHd Enfiiutring^  Times. 

JSuilder's  and  Surveyor's  JPocket  TechniciU  Guide* 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS,  Containing  a  Complete  Explana- 
tion of  the  Terms  used  in  Building  Construction,  Memoranda  for  Reference^ 
Technical  Directions  for  Measurinit  Work  in  all  the  Building  Trades,  with  a 
Treatise  on  the  Measurement. of  Timber,  Complete  Specifications,  &c.,  &c. 
By  A.  C.  Bbaton.  Second  Edition,  with  X9  Woodcuts,  leather,  waistcoat- 
pocket  size,  IS.  6</. 
"  An  exceedingly  handy  pocket  companion,  thoroughly  reliable.*'— £K<&£rr^x  Wtekfy  Ktftrttr. 

"  This  neat  little  compendium  contains  all  that  is  requisite  in  carrying  out  contracts  for  ex> 
cavating,  tiling,  bricklaying,  paving.  &c."—BrititA  Tradi  yaummt. 

Hiindbook  of  Spedficatiotis. 

THE  HANDBOOK  OF  SPECIFICATIONS:  or.  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Bailder,  in  drawing  up 
Specifications  and  Contracts  for  Works  and  Constructions.  Illustrat«i  by 
Precedents  of  Buildings  actually  executed  by  eminent  Architects  and  En- 

8'neers.    Bv  Professor  T.  L.  Donaldson,  P.K.I. B.A.,  &c.    New  Edition,  in 
ne  large  Vol.,  8vo,  with  upwards  of  1,000  pages  of  Text,  and  33  Plates, 
£x  lis.  6a.  cloth. 

"  In  this  work  forty-foar  specifications  of  executed  works  are  S^wv  indoding  the  apecifka- 
tions  for  parts  of  the  now  Houses  of  Parliament,  by  Sir  Charles  Barry,  and  for  the  new  Roval 
Exchange,  by  Mr.  Tite.  M.P.  The  latter,  in  particular,  is  a  very  complete  and  lennrkaNe 
document,  ft  embodies  to  a  great  exteot,  as  Mr.  Donaldson  mendons.  'the  bill  of  qoantkies 
with  the  defcription  of  the  works.'    ...    It  is  valuable  as  a  record,  and  more  valuable  stSlasa  . 

book  of  precedents.    .    .    .    Suffice  it  to  say  that  Donaldson's  'Handbook  of  Spori&cationS ' 
must  be  bought  by  all  architects."— ^N<A/rr. 

Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS:  Their  Drv^ght-fowcr 
and  stability;  with  a  Chapter  on  Lightning-Conductors.    By  Robskt  Wil- 
son, C.E.,  Author  of  "Treatise  on  Steam  Boilers."    Cr.  8vo,  31.  ^tL  cloth. 
*•  A  most  valuable  book  of  its  kind,  full  of  useful  infonnatioo.''— A^m/  C^verumte»f£Jkrmbiu 


DECORATIVE  ARTS,  tic. ij 

DECORATIYB  ARTS,  eto. 

Wooda  atid  Marbtea  (Imitation  of). 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 
AND  UARBLES.taTiatbliid  Pmcliud  bvA.  R.  Van  dih  Bdud  udP. 
V*H  DO  Buna.  Diieclors  of  lbs  Rotlerduo  Painiiag  InililulioD.  Royal  folio. 
iH  bj  III  !■.,  IlJustnied  >iih  u  fulj-aiic  Colonred  Pluei ;  mUo  ii  plain  Plain, 
comptUioi  IM  Fignita,  pries  £1 1~-  " 


Liilo/  CaUtntt 


LiUB/Plala. 


^  Wood  Pklnilng 


3! 


nlibnlSpKlincD— rt.MAbMaT:Snctowni 
nrima  Cr^n  ami  Hrtboitat  Mai&pulul<m 
-n  ti.  Hihosun:  Eulhr  SawMud  FliUlwd 
Spccinm— «^>,.  SlmnTMulili:  VariMla 
of  Grain.  M&toMT  Sacs  ud  FMalwl 
Hpflnludqd  OMhL  icr.  riilmliiMii  St3|« 
•ud  FiiAlwl  SpKawn— IK  M,  »  Vcit  ds 

nnB-^iTsi&tKk:  V»ri«lBirfGrtlii.^Si' 
finblwil  uid  Flalihod  SpKlAsoL 


43laas  Fainting.      ,•""' 
GLASS  staininq: 

vhi^^A^i^^T^D  [RON  INDUSTRIES  OF  THE  UNITED 
-.  _.,  .Iilnra  Deicripiion  of  tbsCm]  Fields,  and  of  the  Priod- 

DeeoratiOn.  t^iihltelunis  oi  their  Prodnce  (nd  in  DiMribution.  and 

ELEMENTARY A^  V.rJ.U.a.  AIwjo  Accounl  of  the  «n.™«  df  iron 
FormiDfEwrwIiv  ■  Seami;  AnalvMS  of  each  VatiMy;  aod  ■  Hulorv  o(  the 
Jwii^lJ^m^^  o'  Pig  Iron  MinufacLure  linca  the  «ar  1740,  eihibiiinglho 

Bouse  Pain"*'- 

HOUSE  Py^i^^^JS^^S 

WRITING.  4  „.a,  ■.=™™dlT  ■» 

WKQ  Culoovr  rcJrrBncc  •hicli  i»  ««  *r«aff*d 
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DELAMOTTE'8  WORKS  on  ILLUMINATION  A  ALPHABETS. 


A  PRIMER  OF  THE  ART  OF  ILLUMINATION,  for  the  Use  of 
Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Directions  ibr 
.  its  exercise,  and  nunaerous  Examples  taken  from  Illuminated  HSS.,  printed  m 
Gold  and  Colours.  By  F.  Delamotte.  Small  4to,  9s.  elegantly  bound,  elotb 
antique. 
" .    .    .    .    The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  mocb 

Kod  sense,  the  author  chooses  from  collections  accessible  to  all,  are  selected  with  Judgment  and 
owlcdge,  as  well  as  taste."—A/Aenaum. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Mediaval,  from  the 
'  Eighth  Century,  with  Numerals ;  including  Gothic,  Chnrcb-Text,  large  and 
small,  German,  Italian,  Arabesque,  Initials  for  Illumination,  Monograms, 
Crosses,  &c.,  &c.,  for  the  use  of  Architectural  and  Engineering  Draughtsmen, 
Missal  Painters,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.,  &c.  Collected  and  Engraved  by  F.  Delamottb,  and  printed  in 
Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong,  2s.  Gii.  ornamental 
boards. 

"  For  those  who  Insert  enamelled  sentences  round  gilded  chalices^  who  Uaaon  shop  h^cods  over 
shop-doors,  who  let{er  church  walls  with  pithy  sentences  from  the  Decalogfue;  this  book  wiB  be  tise- 
fvL  —Atherumm. 

EXAMPLES  OF  MODERN  ALPHABETS,  Plain  and  OmatmnUtl : 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ; 
with  several  Origmal  Designs,  and  an  Analysis  of  the  Roman  and  Old  Enaish 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Sur- 
veyors, Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c. 
Collected  and  En^aved  by  F.  Delamottb,  and  printed  in  Colours.  New 
and  Cheaper  Edition.    Royal  8vo,  oblong.  ».  6d.  ornamental  boards. 

■   "There  is  comprised  in  it  every  possible  Shape  into  which  the  letters  of  tbe  akjhabct  and 

numerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  or  the  various 
plain  and  ornamental  letters  is  wonderfuL"— ^Aani/arY/. 

"  This  volume  has  borne  the  test  of  practical  use,  and  is  invariably  spoken  well  ot  b   those  wbo 
possess  \\."—yewelUr  and  MetcU-tLHxrktr. 

MEDimVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
^j^PX^JS^-   By  F.  Delamotte  ,  Illuminator.  Designer,  and  Engraver  on  Wood. 
*:X«^»f  XV'fo.-.Plntes  and  Illuminated  Title,  pnnted  in  Gold  and  Colours, 
iShiiSl  Dfrecdonste;-  ^'''"S  Brooks,    fmall  4to.  6s.  cloth  gilt. 
Treatise  on  the  Measuremefif.'e^'^^l~"l«j[^'t*'lf;^'**'«*^K^ 
By  A.  C.  Beaton.    Second  Edition,  v?.      "^ '  * 
pocket  size,  IS.  6<f.  '^^   DESIGN.      Containing 

"An  exceedingly  handy  pocket  companion,  thorouirhiy  nmental  Borders,  Ecclesiastical 

"This  neat  little  compendium  conuins  all  that  is  requlAUd  National  Emblems.     Col- 
cavating;  tiling,  bricklaying,  paving,  &c"— British  Trade  yjurS.    Oblong  royal  8vo,  IS.  W., 

Mandbooh  of  Specifications.        ,ta«„woid«,.«dth«h«*wHi 
THE   HANDBOOK   OF  SPECIFICAyra^S^h'S^a^:^. 
Guide  to  the  Architect,  Engineer,  Surveyor,  antf '«  "Jjo  "•  «»<l«''*«l  «*  ti» 
Specifications  and  Contracts  for  Works  and  Cons{''-"~^**' ^'<f*'*  ^****' 
Precedents  of  Buildings  actually  executed  by  emit 

S'neers.    By  Professor  T.  L.  Donaldson,  P.K.I.B.A. 
ne  large  Vol.,  8vo,  with  upwards  of  z,ooo  pages  o 
£x  lis.  6d.  cloth.  >  Amafiurs ;  with 

"  In  this  work  forty-four  specifications  of  executed  works  are  rivei.  m  fiiL  in  emblematic 
tlons  for  parts  of  the  new  Houses  of  Parliament,  by  Sir  Charles  Bamr,  rrntnw. 

Exchange,  by  Mr.  Tite,  M.P.    The  latter,  in  particular,  Is  a  very  con. 
document.    It  embodies,  to  a  great  extent,  as  Mr.  Donaldson  mentions,  vaybeleanit  firon'A 
with  the  descri(Jtion  of  the  works.'    ...    It  is  valuable  as  a  record,  and  n 
book  of  precedents.    .    .    .    SuiSce  It  to  say  that  Donaldson's  'Handbootk.v 
must  be  bought  by  all  architects."— i^MilA/rr. 

Boiler  and  Factory  Chintneps. 

BOILER  AND  FACTORY  CHIMNEYS:  Their  Dri^^-     P^ 

and  Stability ;  with  a  Chapter  on  Lightning-Conductors.    By  RcX*  "*  ***"" 

SON,  C.E.,  Author  of  "Treatise  on  Steam  Boilers."    Cr.  8vo,  3t.  ^. 

*'  A  most  valuable  book  of  its  kind,  fliU  of  useftd  infonnoUoa.  *—£«»/  CasemmeM  (^^ 
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Tredffold'8  Carpentry,  Enlarged  by  E.  W.  Tarn, 

THE  ELEMENTARY  PRINCIPLES  OP  CARPENTRY. 
A  Treatise  on  the  Pressure  and  Eqailibrium  of  Timber  Framing,  the  Beatst- 
ance  of  Timber,  and  the  Construction  of  Floors,  ArchesI  Bridges,  Roofs, 
Uniting  Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay 
on  the  Nature  and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinds 
of  Wood  used  in  Building ;  also  numerous  Tables  of  the  Scantlings  of  Tim- 
ber for  different  purposes,  the  Specific  Gravities  of  Material  s,  &c.  By  Thomas 
Tredgold,  C.C  with  an  Appendix  of  Specimens  of  Various  Roots  of  Iron 
and  Stone,  Illustrated.  Siztn  Edition,  thoroughly  revised  and  considerably 
enlarged  by  E.  Wyndham  Tarn,  M.A.,  Author  of  "The  Science  of  Build- 
ing," obc  with  6z  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In 
one  large  vol.,  4to,  price  £1  $s.  cloth.  [Jm^'  published, 

"Ought  to  be  In  creiy  architect's  and  every  builder's  \ibnry,''-~JSuiider. 
"Tredgtdd's  ' Elementarv  Principles  of  Carpentry'  is.  without  doubt,  the  standard  Engtisli 
authority  upon  the  subject.'    Mr.  Tarn,  bjr  supplementlngr  the  text  of  the  author,  adds  much  to  the 
work,  and  makes  it  an  mdispensable  addition  to  the  library  of  the  student,  the  architect,  and  the 
CBginecx.''^BHildi»j!^  News. 

Woodworking  Machinery, 

WOODWORKING  MACHINERY :  Its  Rise,  Progress,  and  Con- 
struction.  With  Hints  on  the  Management  of  Saw  Mills  and  the  Economical 
Conversion  of  Timber.  Illustrated  with  Examples  of  Recent  Designs  by 
leading  English,  French,  and  American  Engineers.  Bv  M.  Powis  Balb, 
A.M.  Inst.  C.B.,  M.I.M.E.    Large  crown  8vo,  12s.  6d.  cloth. 

"  Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  information  that 
hbbook  is  all-suflident  for  buildcis  and  others  engaged  in  the  convenion  of  timber. "~-j4rekilect. 

"The  most  comprehensive  compendium  of  wood-working  machhiery  we  have  seen.  The 
author  is  a  thorough  master  of  his  suhiect."—Si*slt/im£r  News. 

"  Converters  of  timber,  wholesale  Joiners,  the  members  generally  of  the  buOding  trades,  archi* 
tects,  and  owners  of  and  dealers  in  timber,  owe  Mr.  Bale  tribute  to  the  v.ilue  of  the  cost  of  his 
book.    It  is  sound  from  end  to  end,  well  designed  and  well  executed." — /rvn. 

•  '•  The  appearance  of  this  book  at  the  present  time  will,  we  should  think,  give  a  considerable 
impetus  to  the  onward  march  of  the  machinist  engaged  in  the  designing  and  manufacture  of 
wood-working  machines.    It  should  te  in  the  office  oi  every  wood-working  factory."— fw^/ixA 

Saw  Mills. 

SAW    MILLS:    Their  Arrangement  and  Management,  and  the 
Economical  Conversion  of  Timber.    (Being  a  Companion  Volume  to  "Wood- 
working  Machinery.")     By  M.  Powis  Bale,  A. M.  Inst.  C.E.,   M.I.M.E^ 
With  numerous  Illustrations.     Crown  8vo,  los.  6d.  cloth.  .    .^  ..^ .coder  it 

••  The  author  U  favourabljr  known  by  his  former  work  on  •  WoodworkM"-  '  wiabm  •ad  metalhu- 
we  were  able  to  speak  approvingly.    This  Is  a  companion  volume  '  «.,      ,    , 

a  large  sawing  establishment  is  dfsctjsscd,  and  the  suh!'»i>  work  approaching  In  Importance  to  that 
Hence  the  size,>  shape,  order,  and  disposition  a'ln  Mr.  Hunt^  valuable  work  that  every  sharehoklcr 
and  the  course  of  the  timber  is  traced  fsa-.  The  entire  subject  of  practical  mimngw.froin  the  first 
We  could  not  desire  a  more  completteges  of  dressing  the  ore— is  dealt  with  fai  a  masterly  manner." 

"  We  highly  recommend  Mr.  Ba> 
gaged  in  the  art  of  wood  conversior 
proved  principles."— ^«tfc£i,ntf  AV- 

,itn^^rS^>^d&SS^D  IRON  INDUSTRIES  OF  THE  UNITED 

*  _  _  _  .ising  a  Description  of  the  Coal  Fields,  and  of  the  Princi- 
UnderWOOa  anq  with  Returns  of  their  Produce  and  its  Distribution,  and 

TABLES  FOR  *®i  Varieties.  Also  an  Account  of  the  occurrence  of  Iron 
iiTonn  A  vn  wr'  Seams :  Analyses  of  each  Variety ;  and  a  History  of  the 
i/ilii!-*  -«^  I**  ol  Pig  Iron  Manufacture  since  the  year  1740.  exhibiimg  the 
r-  J  i:-fL™^,pduced  in  the  Blast  Furnaces  for  its  Producuonand  Improve- 
iS«^S?iEt^^«i>  Meade,  Assistant  Keeper  of  Mining  Records.  With 
•  ?!??^  '^^'^^Koal  Fields  and  Ironstone  Deposits  of  the  United  Kingdom, 
in  leatner,        ntv, 

Carpenteritono  wUch  must  And  a  place  on  the  shelves  of  all  Interested  In  coal  and  iron 
THF  CA  P  *  ^^  ^^"'^  *t*^  •"^  ^''^  metallurgical  industrks."— £«tf^MMr. 

ZLT        *  '^  "ay  nnieservedly  say  that  it  is  the  best  of  Its  class  which  we  have  ever  met. 

Knters :  CC>r  reference  which  no  one  engaged  in  the  Iron  or  coal  trades  should  omit  from  his 
OWledge  %nd  Coal  TrmUs'  Review. 
Work.     Aisttve  treatise  and  a  valuable  work  of  reference.  .  .  .  The  amount  of  labour  which 
with    Pr  jn  of  the  work  has  Involved  must  have  been  enoraioua."— AT^n/fur  yoMrnml. 

4to,  £1  C 

/ 


i6  CROSBY  LOCKWOOD  6>  CO.'S  CATALOGUE. 

Timber  Merchant's  Companion. 

THE    TIMBER    MERCHANTS    AND  BUILDER'S  COM- 

PA  NION.    CoDtaininK  New  and  Copions  Tables  of  the  Redooed  Weight  and 

Measurement  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thoasand 

Pieces,  and  the  relative  Price  that  each  siee  bears  per  Lineal  Foot  to  anj 

ffiven  Price  per  Petersburg  Standard  Hundred ;  the  Price  per  Cube  Foot  ot 

Square  Timber  to  any  given  Price  per  Load  of  co  Feet;  the  proportionate 

Value  of  Deals  and  Battens  by  th6  Standard,  to  Square  Timber  by  the  Load 

of  50  Feet ;  the  readiest  mode  of  ascertainmg  the  Price  of  Scantling  jper 

Lineal  Foot  of  an)r  size,  to  any  given  Figure  per  Cube  Foot.    Also  a  variety 

of  other  valuable  information.     By  William  Dowsing,  Timber  Merchant. 

Third  Edition,  Revised  and  Corrected.    Crown  8vo,  35.,  cloth. 

"Everything  is  as  conciie  and  clear  as  it  can  possibly  be  made.    There  caa  be  no  doubt  that 
erery  timber  merchant  and  builder  ou|^t  to  possess  Mt.'—HuU  Advertiser. 

"  We  are  glad  to  see  a  third  edition  of  these  admirable  tables,  which  for  correotness  aad 
simpOdty  of  arrangement  leare  nothinj^  to  lie  dedred."— TYm^fr  TViM&r  yimmat. 

JPracticai  Timber  Merchant* 

THE  PRACTICAL  TIMBER  MERCHANT.    Being  a  Guide 

for  the  use  of  Building  Contractors,  Surveyors,  Builders,  ftc,  comprising 

useful  Tables  for  all  purposes  connected  with  the  Timber  Trade,  Marks  oT 

Wood.  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of  Timber, 

&c.    By  W.  Richardson.    Fcap.  8vo,  ys,  6d.  cloth. 

"  This  handy  manual  contains  much  valuable  information  for  tiie  use  of  timber  mordants. 
tmtlders,  foresters,  and  aO  others  connected  with  the  fro^^th,  sale,  and  maau&ctnre  of  timber.' — 
ycurtuit  qf  Forestry. 

"To  timber  mcrrlmnts  or  users  thb  compact  treatlfle  wiD  be  found  Tety  uatii^~-IUuslrmtai 
Carfenttr, 

Timber  Freight  Book. 

THE  TIMBER  MERCHANTS,  SAW  MILLER'S,  AND 
IMPORTER'S  FREIGHT  BOOK  AND  ASSISTANT.  Comprising  Rules, 
Tables,  and  Memoranda  relating  to  the  Timber  Trade.  By  William 
Richardson,  Timber  Broker ;  together  with  a  Chapter  on  '*  Speeds  of  Saw 
Mill  Machinery,"  by  M.  Powis  Balb,  M.LM.E.,  oc     X2mo,  y.Cd,  doth. 

Tables  for  JPacking-Case  Makers. 

PACKING-CASE  TABLES ;  showing  the  number  of  Super- 
ficial Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards. 
By  W.  Richardson,  Timber  Broker.  Second  Edition.  Oblong  4to,  %%.  6d. 
cloth. 

"Will  save  much  labour  and  calculation  to  makers  and  users  of  packing-cases."— ^rMir. 
"  !<iy^W)>lfi  IaJ?onr<4av!nff  tables."— /rvNJW^fli^rr 

"'^^eriL^tSrhl^d/*^.*''^^^** 

"  This  neat  Uttle  compendium  contaimlUP^    ^^    SUPERFICIA  L    ME  A  - 
cavating.  Ulins,  bricUaying,  parini^.  Stc."—BritisM  7  tO  200  inches  in  len^h.  by  I  to  108 

handbook  of  Speciflcatiofis.      ^"oT^^dT<S^  ^fL^ 

THE    HANDBOOK    OF  SPECIFIC  A. 

Guide  to  the  Architect,  Engineer,  Surveyor,  sl 

Specifications  and  Contracts  for  Works  and  Con 

Precedents  of  Buildings  actually  executed  by  emiesigned  tO  afford  In- 

Sneers.    By  Professor  T.  L.  Donaldson,  P. R.  I. B. At  Trees  for  Ornament  or 
ne  large  Vol.,  8vo,  with  upwards  of  1,000  pages  (.{Woodlands.  ByF.B. 
£1  lis.  6d,  cloth. 

"In  this  work  forty-four  specifications  of  executed  works  are  gire. 
tions  for  parts  of  the  new  Houses  of  Parliament,  by  Sir  Cliarles  fiarry, 

Exchange,  by  Mr.  Tite;  M.P.  The  latter,  in  particuhir.  is  a  rery  cca. /«rr  ^  XT'Ti  r  j  xtt\ 
document.  It  embodies,  to  a  mat  extent,  as  Mr.  Donaldson  mentions, <'"'<i^^^  o  AND 
with  the  description  of  the  works.'  ...  It  is  valuable  as  a  record,  and  .'uMDT.  Comoris- 
book  of  precedents.  .  .  .  Suffice  it  to  say  that  DooaJdsoo's  'HandboJM*  r»«««UlT-.:-!r 
must  be  Bought  by  aaarchUects."-^«iftfer.    J^  "*'  *^™»'°«»»    "^""^^  Comparative 

Boiler  and  Factory  Chitnneys.  wss,  Freiiht, 

BOILER  AND  FACTORY  CHIMNEYS:  Their  Dfl^^^Jf^*? 
and  StabUity;  with  a  Chapter  on  Lightning-Conductors.    By  R. 
SON,  C.E.,  Author  of  "Treatise  on  Steam  Boilers."    Cr.  Svo.  jt.  t  .^nan  .^ 
••  A  most  valuable  book  of  Its  kind,  ML  of  useful  lnformailoo.-'-^«^  C*wrw*r«i*^SivS 
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MININa  AND  MINING  INDUSTRIES, 

Mining  in  the  United  Kingdom, 

BRITISH  MINING :  A  Treatise  on  the  History,  Discovery,  Practical 
Development,  and  Future  Prospects  0/  Metalliferous  Mines  in  the  United  King- 
dom. By  RoBBRT  Hunt,  F.R.S.,  Keeper  of  Mininff  Records ;  Editor  ot 
"'Ure'8  Dictionary  of  Arts,  Manufactures,  and  Mines,''  &c.  Upwards  of  950 
pp.,  with  230  Illustrations.    Super-royal  Svo,  £3  3^ .  cloth. 

Synopsis  of  Contents : 


Book  i.  Historical  Sketch  of  British 
Mining  :— Chap.  I.  Mininj^  Prerlotts  to  tho 
Roman  Invasion.— II.  Mtnine  duriqff  the 
Roman  Occupation.  — III.  Mininff  to  the 
Elchteenth  Century.— IV.  Miniiur  for  Tin 
and  Copper  to  the  End  of  the  Eighteenth 
Century.— V.  Mining  for  Lead,  Silver,  Arc., 
to  the  End  of  the  Etsrhteenth  Century.— VI. 
Cold,  PhimbagOk  Iron  Ore,  and  Sunories  to 
ttie  End  of  the  Eighteenth  Century. 

Book  ii.  on  the  Formation  of  metal- 
liferous DBPOSrrs.— Chap.  I.  The  Rocks 
of  Mining  Districts,  and  the  Distribution  of 
MetalKferous  Deposits.— II.  Mechanics  of 
Mbieral  Lodes;  Faults.  Cross  Courses,  &c.— 
III.  The  Laws  relating  to  Mineral  Deposits. 
— IV.  Reauurkable  Phenomena  observed  in 
MetalUferons  Ore  Deposits. 


BOOK  III.  Practical  mining.— Chap.  I. 

Discovery  o(  Mineral  Lodes  and  the  Open- 
ing  of  Mines. — II.  Practical  Operations  for 
the  Extraction  of  Metalliferous  Ores.— III. 
Ventilation  and  Drainage  of  Mhies,  &c.— IV. 
Dressing  Metalliferous  Ores :  Preparation  for 
Smelter. — V.  Discovery  and  Extraction  of 
Iron  Ores  from  Veins  an  other  Deposits. 
BOOK  IV.  THE  FUTURE  PROSPECTS  OF 
BRITISH  MINING.  — Chap.  I.  Summary. 
Examination  of  the  Protwble  Exhaustion  of 
Metalliferous' Minerals.— II.  On  the  Limits 
of  the  Metalliferous  Zone.— III.  The  Occur- 
rence of  Ores  at  Great  Depths  or  in  New 
Districts. — IV.  Improvements  and  Economy 
in  Worlctng  British  Mines.— \'.  General  Sum 
marr  and  Conclusion— Appendix— Glossary 
of  Terms. 


'One  of  the  most  valuable  works  of  reference  of  modem  times.  Mr.  Uunt.  as  keeper  of  mining 
ncords  of  the  United  Kingdom,  has  had  opportunities  for  such  a  task  not  enjoyed  by  anyone  else, 
and  has  evidently  made  the  most  of  them.  .  .  .  The  language  and  style  adopted  are  good,  and 
the  treatment  of  the  various  subjects  laborious,  conscientious,  and  scientific"— ^n^tMorriff^. 

**  A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may 
be  interested  in  oar  great  mineral  industries.**- £itfiii«rr. 

"  A  sound,  business'like  cx^lectioa  of  interesting  facts.  .  •  .  The  amount  of  information 
Mr.  Hunt  has  brought  tcwether  is  enormous.  .  .  .  The  volume  appears  Ukcly  to  convey  more 
Instruction  upon  the  subject  than  any  work  hitherto  published."— Afin^HT  yonrnat. 

"  The  work  win  be  for  the  mining  Industry  what  Dr.  Percy's  celebrated  treatise  has  been  for  the 
metallurgical— «  book  that  cannot  with  advantage  be  omitted  from  the  library."— /tvm  cmd  Coal 
Trades  Review, 

"  Probably  no  one  in  this  country  was  better  qualified  than  Mr.  Hunt  for  undertaking  such  a 
woric  Brougfit  into  frequent  and  close  association  during  a  k>ng  lifetime  with  the  principal  guar- 
dians of  our  mioerai  and  metaUofglcal  industries,  he  emoycd  a  position  exceptionally  favourable 
for  coOecting  the  necessary  information.  The  use  which  ne  has  made  of  his  opportunities  is  suffi- 
ciently attested  by  the  dense  mass  of  information  crowded  into  the  handsome  volume  which  has 
lust  t>cen  pubUshcd.  ...  In  placing  before  the  reader  a  sketch  of  the  present  position  of 
British  Mining.  Mr.  Hunt  treate  his  subject  so  fuDyand  illustrates  it  so  amply  that  this  section  really 
forms  a  little  treatise  on  practical  mining.  .  .  .  The  book  is,  hi  fact,  a  treasure-house  of  sutistical 
information  on  mining  subjects;  and  we  know  of  no  other  work  embodying  so  great  a  mass  of  matter 
of  this  kind.    Were  tnk  tne  only  merit  of  Mr.  Hunt's  volume  it  would  oe  sufficient  to  render  it 


Indispensable  in  the  library  of  everyone  Interested  in  the  deveb}paient  of  the  mining  and  metallnr 
gical  industries  of  this  country."— ^/AottfUM. 

"The  literature  of  mining  has  hitherto  possessed  no  work  approaching  in  fanportance  to  that 
which  has  just  been  oublishra.  There  is  much  in  Mr.  Hunt's  valuable  work  ttiat  every  shareholder 
In  a  mine  mould  read  with  dose  attention.  The  entire  subject  of  practical  mining^^rom  the  lint 
search  for  tho  lod«  to  the  latest  stages  of  dressing  the  ore—to  dnlt  with  in  a  masteriy  manner." 
-'Academy. 

Coal  and  Iran, 

'  THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM,  Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Princi- 
pal Seams  of  Coal,  with  Returns  of  their  Produce  and  its  Distribution,  and 
Analyses  of  Special  Varieties.  Also  an  Account  of  the  occurrence  of  Iron 
Ores  in  Veins  or  Seams ;  Analyses  of  each  Variety ;  and  a  History  of  the 
Rise  and  Progress  oi  Pig  Iron  Numufacture  since  the  year  1740,  exhibiting  the 
Economies  intrpduced  in  the  Blast  Furnaces  for  its  Iroduction  and  Improve- 
ment. By  Richard  Meads,  Assistant  Keeper  of  Mining  Records.  With 
Maps  of  the  Coal  Fields  and  Ironstone  Deposits  of  the  United  Kingdom. 
8vo,  £1 8s.  cloth. 

"The  book  Is  one  which  must  find  a  place  on  the  shelves  of  all  interested  In  coal  and  hroa 
pffoductioa,  and  in  the  iron,  steel,  and  other  metaOurgical  industries."— f^v^Cmer. 

"Of  this  book  we  may  nnreeenredly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met. 
...  A  twok  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  sliould  omit  from  his 
library."— /rvM  xml  Coo/  Tradet'  Review. 

"An  exhaustive  treatise  and  a  valuable  work  of  reference.  .  .  .  The  amount  of  labonr  which 
the  prqiaratiun  of  the  work  has  involved  must  have  been  enormous."— AT^jk^  y«itrnm/. 


i8  CROSBY  LOCKWOOD  &>  CO:S  CATALOGUE, 

MeiaUiferotis  Minerals  and  Mining. 

TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.  Br  D.  C.  Davibs,  F.G.S.,  Miniog  Engineer,  &c..  Author  of  **A 
Treatise  on  Slate  and  Slate  Qnarrying."  Illustrated  with  nameroas  Wood 
Engravings.    Second  Edition,  carefully  Revised.    Crown  Svo,  xcs.  6d,  cloth. 

"  Neither  the  practical  miner  nor  the  geoeral  reader  tntete^ted  in  mines,  can  have  a  Ixtter  book 
for  his  companion  and  his  guide.**— .A/intnf  yournal. 

"  A  bo6k  that  will  not  only  be  useful  to  the  gcolofpist,  the  practical  miner,  and  the  meCaOufcitt 
but  also  very  interesting^  to  the  general  public." — /rvH. 

"  As  a  history  of  the  present  state  of  mining  throughout  the  norld  this  book  has  a  real  value, 
and  it  stroplies  an  actual  want,  for  no  such  information  has  Ititherto  been  brought  together  within 
such  limited  space.''—AtAenaum. 

Earthy  Minerals  and  Mining. 

A  TREATISE  ON  EARTHY  AND  OTHER  MINERALS 
AND  MINING.  Bj  D.  C.  Davies.  F.G.S.  Uniform  with,  and  forming  a 
Companion  Volume  to,  the  same  Author's  *'  Metalliferous  Minerals  and 
Mining."    With  76  Wood  Engravings.    Crown  8vo,  12s.  6d.  doth. 

Summary  of  Contents : 

Part  I.  SDica— Alumina— Lime— Magnesia  phate  of  Lime.    PART  III.  Carbon  and  Com> 

— Glucina — Zirconla  —  Thoria — ^with   some   of  pounds    of   Carbon  —  Sulphur.      PART    IV. 

their  combinations.      PART   II.    Chloride  of  Arsenic  —  Cobalt  —  Molybdenum — Antimony 

Sodium   (Common   Salt) — Nitrate   of   Soda—  .     and  Manganese  —  Classmed  List  of  Minenl 

Borax— Baryta— Gypsum — Alum  Shale — ^Phos-  I     Substances. 

"  It  b  essentially  a  practical  work,  intended  primarily  for  the  use  of  practical  men.  .  .  .  We 
do  not  remember  to  hare  met  with  any  English  work  on  mining  matters  that  contains  the  saaK 
amount  of  infonnation  packed  in  equally  couTenient  fonn.''->^aMcm'7. 

Underground  JPuniping  Machinery. 

MINE  DRAINAGE.  Being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a  Descrip- 
tion of  a  large  number  of  the  best  known  Engines,  their  General  Utility  and 
the  Special  Sphere  of  their  Action,  the  Bffode  of  their  Application,  and 
their  merits  compared  with  other  forms  of  Pumping  Machinery.  By  Stspheiv 
MicHELL.    8vo,  155.  cloth. 

"  Will  be  highly  esteemed  by  colliery  owners  and  lessee^  mining  engineer^  and  students 
gancraOy  who  require  to  be  acquamted  with  the  best  means  of  securing  the  cuainagn  of  rnine^  It 
IS  a  most  valuable  work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machinery.-- 
Colliery  Guardian. 

Mining  Tools. 

A  MANUAL  OF  MINING  TOOLS.  For  the  Use  of  Mine 
Managers,  Agents,  Students,  &c.  By  Williau  Morgans,  Lecttirer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines,    xzmo,  ys.  cloth  boards. 

ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above,  contain- 

ing  235  Illustrations  of  Mining  Tools,  drawn  to  scale.    4to,  6s.  cloth  boards. 

"Student  in  the  science  of  mining,  and  overmen,  captains,  managers,  and  Tiewcrsmar  gala 
practical  knowledge  and  useful  hints  by  the  study  of  Mr.  Morgans'  manuaL'— C«tfain7  Gttaraian. 

Coal  Mining. 

COAL  AND  COAL  MINING:  A  Rudivuntary  Treatise  on.  By 
Warington  W.  Smyth,  M.A.,  F.R.S.,  &c..  Chief  Inspector  of  the  Mines  of 
the  Crown.  New  Edition,  Revised  and  Corrected.  With  numerous  Illustra- 
tions.   z2mo,  45.  cloth  boards. 

"  As  an  outline  is  given  of  everv  known  coal-field  in  this  and  otliet  countries,  as  well  as  of  the 
principal  methods  of  working,  the  book  will  doubtless  interest  a  very  tsige  number  of  readeis.'— 
Mining  yournal.  ^ 

Mining  Surveying.  \ 

THE  MINERAL  SURVEYOR  AND  VALUEE^S  COMPLETE 

GUIDE.    By  William  Lintern,  Miniug  and  Civil  Enghneer.    With  Four 

Plates  of  Diagrams,  Plans,  &c.    xamo,  4s.  cloth  boards.    ^\ 

"  Contains  much  valuable  infonnation  given  bi  a  small  compass,  and  whld^  as  &r  as  we  liav« 
csted  It,  is  thoroughly  trustworthy."— /row  and  Coal  Trades  Review.  ^ 

Subterraneous  Surveying,  \ 

SUBTERRANEOUS  SURVEYING,  Elementary  an^  Practiccl 
Ttratise  on;  with  and  without  the  Magnetic  Needle.  By  Thoma5 Fewwick. 
Surveyor  of  Mmcs,  and  Thomas  Baker,  C.E.    Illustrated.    lamo^  cloth. 
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NAVAL  AROmTECTURE,  NAYIQATION,  etc. 

JPoeket^Bookfar  Naval  Architects  and  Shipbuilders* 

.  THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET-BOOK  of  Formula,  Rules,  and  Tables,  and  Marine  Engineer's  and 
Surveyor's  Handy  Book  of  Reference.  By  Clbmbnt  Mackrow,  Member  of  the 
Institution  of  Naval  Architects,  Naval  Draaghtsman.  Third  Edition,  Re- 
vised. With  numerous  Diagrams,  &c  Fcap.,  12s.  6d.  strongly  bound  in 
leather. 

"Should  be  ased  by  aS  who  arc  engaged  In  the  construction  or  design  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  ubfes  and  fonnulae  required  by  shipbuUden,  carefully  collected 
from  the  best  autbotities^  and  put  together  In  a  popular  and  simple  (om."—£nt*'Meer. 

"  The  professional  shipbuilder  has  now,  in  a  couTcnlent  and  accessible  form,  reliable  data  for 
solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." — /row. 

"There  Is  scarcely  a  subject  on  which  a  naval  architect  or  shipbuilder  can  require  to  refresh 
his  memory  which  will  not  bo  found  within  the  covers  of  Mr.  Mackro\rsboolc."'-i:V<;;YixA  Attckattic, 

JPochet^Book  for  Marine  Engineers, 

A    POCKET-BOOK  OF    USEFUL    TABLES    AND    FOR- 
MULjB  for  marine  engineers.     By  Frank  Proctor,  A.I.N.A. 
Third  Bdition.    Royal  32010,  leather,  gilt  edges,  with  strap,  45. 
"  We  recommend  it  to  our  readers  as  going  far  to  supply  a  lon^ -felt  want."— A'ovo/  Scieptct. 
"  A  most  useful  companion  to  aS  marine  engineers."— CWAnf  Serrrioe  CasMt. 

Grantham's  Iron  Shipbuilding. 

ON  IRON  SHIPBUILDING,  With  Practical  Examples  ajid 
Details.  By  John  Grantham,  M.  Inst.  C.E.,  &c.  Fifth  Edition.  Imp.  4(0, 
boards,  enlarged  to  40  Plates,  including  the  latest  Examples.  Together  with 
separata  Text,  also  considerably  enlarged,  izmo,  cloth  limp,  price  £2  as. 
complete. 

"  Mr.  Grantham's  work  is  of  great  interest.  .  .  .  It  is  also  valuable  as  a  record  o  the  pro. 
grass  of  iron  ahipbuilcUng.  ...  It  will,  we  are  confident,  command  an  extensive  circulation 
among  shipbuilders  in  generaL  .  .  .  The  text-book  on  which  the  examination  in  iron  ship* 
building  of  candldatasfor  promotion  In  the  dockyards  will  be  mahdy  \)9stoA,"^En£tn*trin£. 

Lighthouses, 

EUROPEAN  LIGHTHOUSE  SYSTEMS,  Being  a  Report  of 
a  Tour  of  Inspection  made  in  1871.  By  Major  Gsorgb  H.  Elliot,  Corps  ot 
Engineers,  U.S.A.  Illustrated  by  51  Engravings  and  31  Woodcuts.  8vo, 
SIS.  doth. 

Navigation  (Practical),  with  Tables, 

PR  A  CTICAL  NA  VIGA  TION.  ConsistiDg  of  the  Sailor's  Sea- 
Book,  by  Jambs  Grsknwood  and  W.  H.  Rosssr  ;  together  with  the  requisite 
Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems,  by 
Hbnry  Law.  C.E.,  and  Professor  J.  R.  Youno.  lUnstrated.  z2mo,  75. 
strongly  balfoonnd. 

Storms, 

STORMS :  Their  Nature,  Classification,  and  Laws;  with  the  Means 
of  Predicting  them  by  their  Embodiments,  the  Clouds.  By  William 
Blasius.  With  Coloured  Plates  and  numeroos  Wood  Engravings.  Crown 
8vo,  ici.  6d.  cloth. 

"A  very  readable  book.  .  .  .  The  fresh  facts  contained  In  its  pages,  collected  with 
evident  care,  fonn  a  useful  repository  to  meteorologists  in  the  study  of  atmospherical  disturlianccs. 
.  .  .  The  book  will  repay  perusalas  being  the  productloQ  of  one  who  gives  evidence  of  acute 
obscrnxUM."— Nature,  

The  flowing  books  on  Naval  Architkcturb,  etc.,  are  published  in  Wbalz's 

Rudimbntary  Sbribs. 

MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS,    By 
RoBBRT  Kippino,  N.A.    Fourteenth  Edition.    i2mo,  as.  6d.  cloth  boards. 

SAILS  AND  SAIL-MAKING.     Tenth  Edition,  Enlarged,  with 
an  Appendix.  By  Robbrt  Kipping,  N.A.  Illustrated,  xsrno,  3s.  cloth  hour^.s. 

NAVAL  ARCHITECTURE,    By  James  Peakb.   Fourth  Edition 
with  Plates  and  Diagrams.    i2mo,  4s.  cloth  boards. 
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Electrieity. 

A  hfANUAL  OF  ELECTRICITY:  Including  Galvanism,  Mag- 
netismt  Dia^MagHttism,  EUctro-Dynamics,  Mafcno-ElectricHy^  and  tks  Bltctrie 
Teleeraph.  By  Hbnrt  M.  Noad.  Ph.D.,  F.R.S.,  F.CS.  Foorth  Edition. 
With  500  Woodcuts.    8vo,  £1  4s.  cloth. 

"The  accounts  given  of  electricity  and  galvankm  are  not  only  complete  in  a  scientific  sense, 
but,  wUcli  is  a  rarer  tbinif,  are  popular  and  bttensdai^.''— Lancet. 

"  Among  the  numerons  writers  on  the  attractive  and  fosdnating  sut))ect  of  clectilcity,  the 
anthor  of  tlie  present  volume  has  occupied  our  best  attention.  It  is  wonfajr  of  a  ptece  in  the- 
librar^  of  every  public  institution,  and  we  have  no  doubt  it  will  be  deservedly  patronised  by  the 
scienulic  conomnity."— Ji/t;M<«v'  yottrnai. 

Text  Book  of  EUctridty. 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph  D.,  F.R.S.,  F.CS.  New  Edition,  careftiDy  Revised* 
With  an  Introdnction  end  Additional  Chapters,  by  W.  H.  Prsbcb,  M.I.C.B., 
Vice-President  of  the  Society  of  Telegraph  Engineers,  Ac  With  470  Illustra- 
tions.   Crown  8vo,  xzr.  6d.  cioth. 

**  The  original  plan  of  this  book  has  been  carefully  adhered  to  so  as  to  make  it  a  tellex  of  the 
existing  state  of  electrical  science,  adapted  for  students.  .  .  .  IHscovery  seems  to  have  pro- 
gressed with  marvellous  strides ;  nevcrtheleas  it  has  now  apparently  ceased,  and  practical  applica- 
tions  have  commenced  their  career :  and  it  is  to  give  a  faith  hil  account  of  these  that  this  fresh 
edition  of  Dr.  Noad's  vahtable  text-book  is  launched  forth."— £c«nMr/>viM  Introdutttm.  by  IK  Ji: 
I*rttct^  Esq. 

"We  can  recommend  Dr.  Noad's  book  for  dear  styles  great  range  of  snblecC.  a  good  imlcx, 
and  a  plethora  of  woodcuts.    Such  collections  as  the  present  are  IndispensalJe.— w¥/A«w4«rm. 

"An  admirable  text-book  for  every  student— beginner  or  advanced— of  etactrichy.*— 
Engim*ria*g. 

"  A  noct  elaborate  compOatioa  of  the  (acts  of  dectridty  and  magnetira."— /\i^stJta*'  Sdmst 
tUvkw. 

"  Dr.  Noad's  text-book  has  earned  for  itsdf  the  reputation  of  a  tmly  adentlfic  maonal  for  the- 
•tudent  of  electridty,  and  «e  gladly  hail  this  new  amended  edition,  which  briun  it  once  more  to 
the  front.  Mr.  Preece  as  reviser,  with  the  assistance  of  Mr.  H.  R.  Kempe  and  Mr.  I.  P.  Edwards, 
has  added  all  the  practical  results  of  recent  invention  and  research  to  the  admiraole  theoretical 
expositions  of  the  author,  so  that  the  book  is  about  as  complete  and  advanced  as  it  b  pOBsifalie  foe 
any  book  to  be  within  the  llm.ts  of  a  text-book."- TWlisfw/Jsftc  yaumai. 

Dr.  Lardner^s  ScJiool  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardkbr. 

328  Illustrations.    Sixth  Edition.    One  Vol.,  35.  6J.  cloth. 

"  A  very  convenient  class-book  for  junior  students  in  private  schools.  It  b  Intended  to  convey^ 
In  dear  andfprecise  terms,  general  notions  of  all  the  prindpol  divisioBS  of  Physical  Scieace."— 
iritis  A  Quarterly  Rnnea/. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.    By  Dr.  Lardnbr. 
With  190  Illustrations.    Second  Edition.    One  Vol.,  3s.  6d.  cloth. 
"  Cloariy  written,  well  arranged,  and  excellently  illustrated."— ^^rutoscr'j  CMremiek, 

Dr.  JLardner^s  Electric  Telegraph. 

THE   ELECTRIC  TELEGRAPH.    By  Dr.   Lardnbr.    New- 
Edition.    Revised  and  Re-written  by  E.  B.  Bxioht,  F.R.A.S.    140  Illustra> 
tions.    Small  Svo,  as.  6d.  cloth. 
"One  of  the  most  readable  books  extant  on  the  Electric  Telegraph.**— JE>tffarJI  MeckatUc. 

Field  Fortification. 

A  TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING.  Br 
Colonel  I.  S.  Macaulay,  late  Professor  of  Fortification  in  the  R.M.A.,  Wool- 
wich. Sixth  Edition,  crown  8vo,  cloth,  with  separate  Atlas  of  12  Plates,  X2S. 
complete. 

Idffhtninff. 

THE  ACTION  OF  LIGHTNING,  and  the  MeOHs  of  Defending 

Life  and  Property  from  its  Effects,  By  Major  A.  Parmsll^  R.B.  xamo,  7$.  §£. 
cloth. 

"Major  ntmell  has  written  an  original  work  on  a  scientific  subject  of  unusoal  Interest ;  and  bs 
l^F^^^  "i? *!Fi"*°*»  ^y  •patient  snd  almost  eahaustire  dtation  of  the  best  wiHers on  tte 
subject  in  the  EnglUh  language.''— ^/Aryr^wm. 


NATURAL  PHILOSOPHY  AND  SCIENCE.  2X 

Geology  and  OeneHa. 

THE   TWIN  RECORDS  OF  CREATION;    or,  Otology   and 

CeaesU:  their  Perfect  Harmony  and    Wonderful  Concord.    ByGborqeW. 

Victor  lb  Vaux.    Numerous  Illustrations.    Fcap.  8vo,  55.  clotn. 

"  A  raluable  contribution  to  the  evidences  of  revektlon,  and  disposca  very  conclusively  of  the 
argramenis  of  those  who  would  set  Cod's  Works  against  God's  Word.  No  real  difficulty  is  shirked, 
-and  no  sophistry  Is  left  unexposed."— rA«  JleeA. 

"  The  remarkable  peculiarity  of  this  author  is  that  he  combines  an  unbounded  admiration  of 
sdenoe  with  an  unbounded  admiration  of  the  Written  Record.  The  t»o  impulses  are  balanced  to  a 
nicety  ;  and  the  consequence  is  that  difficulties  which  to  minds  less  evenly  poised  woiild  be  serious 
-find  luimediaie  solutions  of  the  happiest  kinds."— Z^iu<^m  RtvUw, 

The  BUnvpipe. 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  AND 
GEOLOGY,  Containine  all  known  Methods  of  Anhydrous  Analysis,  many 
Working  Examples,  and  Instructions  for  Makine  Apparatus.  By  Lieut.- 
Colonel  W.  A.  Ross,  R.A.,  F.G.S.  With  zao  Illustrations.  Crown  8vo, 
3s.  6d.  cloth. 

Contents : 

■CHAP.  I.  Mannihctureof  Blowtne  Apparatus.    I    plate  Reactions  of  Metals  and  Alloys.— IX.  On 
II.  Construction  of  Pyrological  llanips.— III.        Pyrological  Mineralogy  and   a   New  Specific 


Supports  and  Apparatus. —  IV.  On  Auxiliary 
Apparatus. — V.  On  the  Structure  and  Manage* 
ment  of  IVroconcs.— VI.  On  Pyrological  Re* 
agents.— VII.  On  Reagents  and  simple  Mineral 
Analyses.— VIII.  First  Operations :  Aluminium- 


Gravitometer. —  X.  Inner  Calcium  pyroborate 
Balls.  "Chemical  Water."  &c.— XI.  Rationale 
of  Outer  and  Inner  BaU  Formation  in  Boric 
Add  before  the  Blowpipe.  —  XII.  Frleberg 
Qualitative  Examples. 


"The  student  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 
win  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  'got  up'  any  of 
the  best  textbooks  of  the  day,  and  passed  any  number  of  examinations  in  their  contenta."-— CA«>»^ 
to/  News, 

The  Military  Sciences. 

AIDE-MEMOIRE  TQ  THE  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  different  Ser- 
vices. Originally  edited  by  a  Committee  of  the  Corps  of  Royal  Engineers. 
Second  Edition,  most  carefully  revised  b^  an  Officer  of  the  Corps,  with  many 
Additions;  containing  nearly  350  Engravmgs  and  many  hundred  Woodcuts. 
Three  Vols.,  royal  8vo,  extra  cloth  IxMirds,  and  lettered,  £4,  zos. 

*' A  compendkras  encydopxdia  of  military  knowledge,  to  which  we  are  greatfy  indsbCed.'*— 
Edi$iburffh  RgirUw. 

"  The  most  comprafaeasive  work  of  reference  to  the  military  and  coHatOFat  science!.'— />%&»■• 
^teer  Strvic*  GazeUe. 

Astronomy. 

ASTRONOMY,    By  the  late  Rev.  Robert  Main,  M.A.,  F.R.S.. 
formerly  Radcliffe  Observer  at  Oxford.    Third  Edition,  Revised  and  Cor- 
rected to  the  present  time,  by  William  Thymmb  Lynn,  B.A.,  F.R.A.S.,  formerly 
of  the  Royal  Observatory,  Crreenwich.    ismo,  ss.  cloth  limp. 
"A  sound  and  simple  treatise^  verycarefUOy  edited,  anda  capital  book  for  beginnen."— J(rM«w< 

"  The  present  edition  seems  to  hare  been  carefully  ani  accurately  brought  down  to  the  require- 
anents  of  tne  present  time  by  Mr.  Lynn."— •/»./M«Mm<i/  TYhmx. 

Creoloffy. 

GEOLOGY,  Physical  and  Historical.  Consisting  of  "Physical 
Geology,'*  which  sets  forth  the  leading  Principles  of  the  Science  ^  and  **  His- 
torical Geology."  which  treats  of  the  Mineral  and  Or^nic  Conditions  of  the 
Barth  at  each  saccessive  epoch,  especial  reference  being  made  to  the  British 
Series  of  Rocks.  By  Ralph  Tate.  A.L.S.,  F.G.S.,  Ac,  &c.  With  over  230 
Illustrations.    lamo,  55.  cloth  boards. 

"  The  liilness  of  the  matter  has  elevated  the  book  Into  a  manuaL  Its  Informatfoo  b  exhaustive 
and  well  arranged."'->S^A«0/  AnamT  ChrtnicU. 

•Conchology, 

MANUAL  OF  THE  MOLLUSC  A  :  A  Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S.  With  Appendix  by  Ralph 
Tatb,A.L.S..  F.G.S.  With  numerous  Plates  and  300  Wooacutt.  Handsomely 
bound  in  cloth  boards,  ys.  6d. 


at 


'A  most  nkiable  stordftouse  of  coochologfcal  and  geological  iafonnatioa."— /tefi'ar<rlir'# 
Sdettci  Gct*if. 
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Dr.  LARDNER'8  HANDBOOKS  of  NATURAL  PHILOSOPHY. 

*»*  The  foUowtHg  five  volumes^  though  each  is  compUU  in  itself ^  and  to  be  pur* 
chased  uparately,  form  A  Complbtb  Coursb  or  Natural  Philosophy.  Tk^ 
style  is  shtdiousljf  popular.  It  has  been  the  author's  aim  to  supply  Manuals  for  tkt 
Student,  the  Bngtneer,  the  Artisan^  and  the  superior  classes  in  Scluxds, 

THE  HANDBOOK  OF  MECHANICS,  Enlarged  and  almost  re- 
written by  Bemjamim  Lobwy,  F.R.A.S.  With  378  lUastntiona.  Post  8vOr 
6s.  cloth. 

"  The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  hod  became  obsolete 
hare  been  reiuaced  by  others  of  more  modem  character.  The  explanations  tfaroosbout  are 
studiously  popular,  and  care  has  been  taken  to  show  the  application  of  the  vaiioas  branches  of 
physics  to  toe  industrial  arts,  and  to  the  practical  business  of  hie."— 1/xMfiv  yommal. 

"Mr.  Loewy  has  carefuQy  revised  the  book,  and  tvoivht  k  up  to  modem  reqafaements.** — 
Naturt. 

"  Natural  philosophy  has  had  few  exponents  more  able  or  better  skilled  In  the  art  of  popi** 
larisiiig  the  subject  than  Dr.  Lardner ;  and  Mr.  Loewy  is  doinfp  ipood  service  in  fittit^  this  treatise 
and  the  others  of  the  series,  for  use  at  the  present  time."— %S<Mfi»iaff. 

THE  HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged  by  Benjamin  Loewy,  F.R.A.S.  With 
236  Illustrations.    Post  8vo,  55.  cloth. 

"For  those  'who  desire  to  attain  an  accurate  Icnowledge  of  physical  sclenoe  without  the  pr> 
found  methods  of  mathematical  Investigation.'  this  work  is  not  merely  Intended^  but  «eD  adapted." 
— Cfumicai  AVwx. 

"  The  volume  before  ta  has  been  carefully  edited,  avffmcnted  to  nearly  twice  the  btilk  of  the 
former  edition,  and  all  the  most  recent  matter  has  been  added.  .  .  .  It  ts  a  valuable  text-book." 
— XatMre. 

"  Candidates  for  pass  examinations  will  find  it,  we  think,  specially  suited  to  their  lequiiencnts.*' 
English  Mechanic. 

THE  HANDBOOK  OF  HEAT,  Edited  and  almost  cnUrely  re- 
written by  Benjamin  Loewy,  F.R.A.S.,  &c.  1x7  Illustrations.  Post  8vo,  6s. 
cloth. 

"  The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  dondlness 
or  lurking  doubts  behind." — Enginetritij^. 

"  A  most  exhaustive  book  on  the  subject  on  which  it  treats,  and  is  so  anaaged  that  it  can  be 
understood  by  all  who  desire  to  attain  an  accurate  knowledge  of  physical  sdcnce.  ....  Mr* 
Loewy  has  included  all  the  latest  discoveries  in  the  varied  lan-s  and  e/Tects  of  heat." — Standard, 

"A  complete  and  handy  text-hook  for  the  use  of  students  and  general  readers.**— 2:>(f££cA 
JfecManic. 

THE  HANDBOOK  OF  OPTICS,   By  Dion YSius  Lardner, D.C.L, 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
College,  London.    New  Edition.   Edited  by  T.  Olvsr  Harding,  B. A.  Lond., 
of  University  College,  London.    With  298  Illustrations.    Small  Svo,  44S 
pages,  5s.  cloth. 

"  Written  bv  one  of  the  ablest  English  scientific  writers,  bcaatifuDy  and  elaborately  Shotrated." 
— Mechanics'  MagoMine. 

THE  HANDBOOK  OF  ELECTRICITY,  MAGNETISM,  AND 

ACOUSTICS,    By  Dr.  Lardner.    New  Edition.    Edited  by  George  Caret 

Foster,  B. A.,  F.C.S.    With  400  Illustrations.    Small  8vo,  5s.  doth. 

"  The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  tetse  and 
lucid  st)'Ie  of  Lardner,  wttile  correcting  his  errors  and  bringing  up  his  work  to  the  present  state  of 
scicnttnc  knowledge."— Ai^ilar  Sctence  Xevirw. 

l>r»  Lardner's  Handhooh  of  Astronomy* 

THE  HANDBOOK  OF  ASTRONOMY.  Forming  a  Companion 
to  the  "  Handbook  of  Natural  Philosophy.**  By  Dionysius  Lardnbr,  D.CL., 
formerly  Professor  of  Natural  Philosoj^hy  and  Astronomy  in  University 
College,  London.  Fourth  Edition.  Revised  and  Edited  by  Edwin  Dunrin, 
F.R.A.S.,  Royal  Observatory,  Greenwich.  With  38  Plates  snd  upwards  of 
100  Woodcuts.    In  One  Vol.,  small  8vo,  530  pages,  9s.  6d,  doth. 

"  Probably  no  other  book  contains  the  same  amoant  of  information  in  so  compeudioiis  aad  w^. 
arranged  a  form— certainly  none  at  the  price  at  which  this  is  offered  to  the  tHxtHc'—AthfnoMm. 

"We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astianMny,  and  we 
strongly  recomniend  it  to  all  who  wish  to  acquire  a  general— but  at  the  same  tiaaecoBKt— eoouaiat* 
ance  with  this  sublime  science."— i^iMf^^^y  ^CMmat  qf  Science. 

"One  of  the  most  deservedly  popular  books  on  the  subject  .  .  .  We  would  reoomnend  not 
only  the  ^udent  of  the  elemenUry  principles  of  the  science,  bat  he  who  aims  at  Ottsterinf  Um 
higher  ond^uthematicai  branches  of  astronomy,  not  to  be  widiout  this  wock  betklo  him,''~^^!raS' 
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DR.  LARDNER'8  MUSEUM  OF  SCIENCE  AND  ART. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DioNYsxus  Lardnbx,  D.C.Lm  formerly  Professor  of  Natural  Philosophy  and 
Astronomv  in  University  College,  London.  With  upwards  of  i,aoo  Engrav- 
ings on  Wood.  In  6  Double  VoiumeSt  £1  is.,  in  a  new  and  elegant  doth  bind- 
ing ;  or  handsomely  bound  in  half-morocco,  3x5. 6d, 


Contents: 


modve  —  Thennometer  ~  New  Planets :  Le> 
Terrier  and  Adams's  Planet— Magnitude  and 
Minuteness — Common  Things:  The  Almanack 
—Optical  ImasiBi— How  to  ooserve  the  Heavens 
—  Common  Things :  The  Looking-glass  — 
Stellar  UniTerse— The  Tides— Colour— Com- 
mon Things:  Man— Magnifyinsr  Classes— In- 
stinct  and  Intelligence— The  Sour  Microscope 
—The  Camera  Luclda— The  Magic  Lantern— 
The  Camera  Obscura— The  Microscope— The 
White  Ants :  Their  Manners  and  Habits— The 
Surface  of  the  Earth,  or  First  Notions  of 
Geograph J— Science  and  Poetry— The  Bee- 
Steam  Navigation  —  Electro-Motive  Power  — 
Thunder,  Lightning,  and  the  Aurora  Borealis 
—The  Printing  Press— The  Crust  of  the  Earth 
— Comets — ^The  Stereoscope — The  Pre-Ada- 
mite  Earth — Eclipses— Sound. 


_The  Planets:  Are  they  Inhabited  Worlds T— 
Weather  Prognostics  —  Popu^  Fallacies  in 
Questions  of  Hivstcal  Science— Latitudes  and 
Longitudes  —  Lunar  Influences  —  Meteeric 
Stones  and  ShootingStars— Railway  Accidents 
— Light — Common  Things :  Air — Locomotion 
in  the  United  States— Cometary  Influences- 
Common  Things:  Water— The  Potter's  Art- 
Common  Things :  Fire  —  Locomotion  and 
Transport,  their  Influence  and  Progress— The 
Moon  — Common  Things:  The  Earth  — The 
Electric  Telegraph  — 'Terrestrial  Heat  — The 
Sun— Earthquakes  and  Volcanoes— Barometer. 
Safety  Lamp,  and  Whitworth's  Mlcrometric 
Apparatus— Steam— The  Steam  Engine— The 
Eve — The  Atmosphere  —  Time  —  Common 
Things:  Pumps— Common  Things :  Spectacles, 
the  Kaleidoscope  —  Clocks  and  Watches  — 
Microscopic  Drawing  and  Engraving— Loco- 

Opinions  of  the  Press. 

"This  series,  besides  affording  popular  but  sound  instruction  on  scientific  subjects,  with  which 
the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes  that  teaching  of '  Com- 
mon Things '  which  every  well-wisher  of  his  kind  is  anxious  to  promote.  Many  thousand  copies  of 
this  serviceable  publication  have  been  printed,  in  the  belief  ana  hope  that  the  desire  tor  instruction 
and  improvement  widely  prevails ;  azra  we  have  no  fear  that  such  enlightened  faitli  will  meet  with 
disappointmenL"—  Times. 

"A  cheap  and  interesting  pubh'cation,  alike  informing  and  attractive.  The  papers  combine 
subjects  of  importance  and  great  scientific  knowledge,  conuderable  inductive  powers,  and  a 
popular  style  or  treatment."— ^cte/<>r. 

"The  'Museum of  Science  and  Art'  is  the  most  valuable  contribution  that  has  ever  been 
made  to  the  Scientific  Instruction  of  every  class  of  society."— Sir  Davio  Brewster,  in  the 
JVortA  BritUh  Review. 

"  Whether  we  consider  the  llberslity  and  beauty  of  the  illustrations;  the  charm  of  the  writing, 
or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that  there  b  hardly  to  be  found 
among  the  new  books  one  that  would  bo  welcomed  by  people  of  so  many  ages  and  classes  as  a 
valuable  present."— iunimtiwr. 

%*  Separate  books  formed  from  the  above,  suitable  for  Workmen*s  Libraries, 

Science  Classes,  &c. 

Camsnan  Tfiings  Explained,  Containing  Air,  Earth,  Fire,  Water,  Time, 
Jifan,  the  Eye,  Locomotion,  Colour,  Clocks  and  Watches,  &c.  233  Illus- 
trations, cloth  gilt,  5s. 

The  Mieroeeope.  Containing  Optical  Images,  Magnifying  Glasses,  Origin 
and  Description  of  the  Microscope,  Microscopic  Objects,  the  Solar  Micro- 
scope, Microscopic  Drawing  and  Engraving,  &c.  147  Illustrations,  cloth 
gilt,  25. 

JPoptdar  Geology.  Containing  Earthquakes  and  Volcanoes,  the  Crust  ot 
the  Earth,  &c.    201  Illustrations,  cloth  gilt,  2J.  6d. 

Popular  Physiea.  Containing  Magnitude  and  Minuteness,  the  Atmo- 
sphere, Meteoric  Stones,  Popular  Fallacies,  Weather  Prognostics,  the 
Thermometer,  the  Barometer,  Sound,  &c.  85  Illustrations,  doth  gilt,  2s.  6<f. 

Sieant  and  lie  Usee.  Including  the  Steam  Engine  the  Locomotive,  and 
Steam  Navigation.    89  Illustrations,  cloth  gilt,  as. 

Poptdar  AHrononty.  Containing  How  to  observe  the  Heavens— The 
Earth,  Sun,  Moon,  Planets,  Light,  Comets,  Eclipses,  Astronomical  Influ- 
ences, &c.    182  Illustrations,  as.  6d. 

The  Bee  and  White  Ante  :  Their  Manners  and  Habits.  With  lUustra- 
lions  of  Animal  Instinct  and  Intelligence.    133  Illustrations,  cloth  gilt,  25. 

The  Eleetrie  Teiegraph  PopMlarieed,  To  render  intelligible  to  all  who 
can  Read,  irrespective  of  any  previous  Scientific  Acquirements,  the  various 
forms  of  Telegraphy  in  Actual  Operation.  100  lUustrations,  cloth  gilt, 
is.6d. 
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MATHEMATICS,  GEOMETRY,  TABLES,  etc 

JPractical  Mathematics* 

MATHEMATICS  FOR  PRACTICAL  MEN.  Being  a  Com- 
rooo-place  Book  of  Pore  and  Mixed  Mathematics.  Designed  chiefly  for  the 
Use  of  Civil  En^neers.  Architects,  and  Surveyors.  Part  I.  Pure  Maths- 
MATics :  comprising  Arithmetic.  Alsebra,  Geometry,  Mensmation,  Trigono- 
metry, Conic  Sections,  Properties  of  Curves.  Part  II.  Mixed  Mathematics: 
comprising  Mechanics  in  general  Statics,  Dynamics,  Hydrostatics,  Hydro- 
dynamics, Pneumatics,  Mechanical  Agents,  Strength  of  Materials.  With  an 
Appendix  of  copious  Logarithmic  and  other  Tables.  By  Olinthus  Greg- 
ory, LL.D.,  F.K.A.S.,  Enlarged  by  Henry  Law,  C.E.  4th  Edition,  care- 
fully Revised  by  J.  R.  Young,  formerly  Professor  of  Mathematics,  Belfast 
College.     With  13  Plates,  8vo,  £1  is.  cloth. 

"  The  enirineer  or  architect  win  here  find  readj  to  his  hand  mfes  for  solving  nearly  eiviy 
mathcniatical  difficulty  that  nuy  arise  in  his  practice.  The  rules  are  in  all  cases  explajaed  bf 
means  of  examples,  in  which  every  step  of  the  process  is  clearly  wocked  ont.'^Suildgr. 

"  One  of  the  most  serviceable  books  for  practical  mechanics.  .  .  Professor  Yoaag  has 
modernised  the  notation  throut^hout.  introduced  a  few  paragraphs  hcs«  and  there,  and  corrected 
the  numerous  tvpofj^raphical  errors  which  had  escaped  the  ej-es  of  the  former  Editor.  The  book 
is  now  as  complete  as  it  is  possible  to  make  it.  It  a  an  instructive  book  fur  the  staJect.  and  a 
Text-book  for  him  who,  ha>Lnj7  once  mastered  the  subjects  it  treats  oC  needs  occasaooaOy  to 
refresh  his  memory  upon  them.  — Building  Sews. 

"As  a  standard  work  on  mathematics  it  has  not  been  ezceOed."— ^rtfacN. 

Metrical  Units  and  SystetnSf  etc* 

MODERN  METROLOGY :  A  Manual  of  tki  Metrical  Units 
and  Systems  of  the  Present  Century.  With  an  Appendix  containing  a  proposed 
English  System.  Bv  Lewis  D'A.  Jackson,  A.M.  Inst.  C.E.,  Author  of  **  Aid 
to  Survey  Practice,    &c.    Large  crown  8vo,  its.  6d.  cloth. 

"  The  author  has  brought  together  much  valuable  and  faiteresttng  infonnatkm.  .  .  .  The 
main  objea  of  the  work  appears  to  be  the  discussion  of  a  remedy  for  the  evils  of  the  complex 
systems  of  wci)^hts  and  measures  which  are  unfortunately  still  in  use  in  this  country.  To  provide 
such  a  remedy  is  a  serious  task,  and  one  well  worthy  of  the  attention  of  a  gnMt  staresman  sadi  as 
Mr.  Gladstone,  to  whom  the  work  is  inscribed.  .  .  .  We  cannot  but  recommend  the  work  to  the 
consideration  of  all  interested  in  the  practical  reform  of  our  wei|:hts  and  measures."— <Vai£Mrv. 

"For  the  large  odlection  of  measures  brought  toeether,  the  author  suppBes  the  Freach 
scientific  equi\-alents,  in  terms  of  the  metrical  system.  He  also  gives  throusffaout  a  double  set  of 
English  etjuivalents,  the  first  of  which  he  calls  the  'Commerdu  Measures,' and  the  second  the 
'  Sacntific  Value.'  .  .  .  There  is  no  doubt  as  to  the  great  amount  of  labour  that  must  have  been 
devoted  to  the  calculation ;  and  the  Juxtaposition  of  the  two  vakios  allords  an  easy  means  of  checfc> 
ing  the  work  by  comparison."— ^/Arw*«i»i. 

"  For  exhaustive  Ubles  of  equivalent  weights  and  measures  of  all  soit^  and  for  dear  denoBstiap 
tionsofthccfTects  of  the  various  systems  that  have  been  proposed  or  adopce<i  Mr.  Jecksoa^ 
treatise  is  without  a  livaL"— Academy. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British  Standi 
ard  Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present 
in  Use  on  the  Continent.  Bv  C.  H.  Dowlino,  C.E.  Second  Edition,  Revised 
and  Enlarged.    8vo,  zos.  6a.  strongly  bound. 

"  Their  accuracy  has  been  certified  by  Professor  Airy,  the  AstronoBer-RoymL'- Ain£/«r. 
"  Mr.  Dowling's  Tables,  which  are  well  put  together,  come  Just  in  time  as  a  ready-reckoner  for 
the  conversion  of  one  system  into  the  other.  —Atherutum 

Geometry  for  the  Architect f  Engineer f  etc. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer  and 
Mechanic.  Giving  Rules  for  the  Delineation  and  Application  of  various 
Geometrical  Lines.  Figures  and  Curves.  B^  E.  W.  Tarn,  M.A.,  Architect, 
Author  of  "The  Science  of  Building,**  Ac.  Second  Edition.  With  Appen- 
dices on  Diagrams  ot  Strains  and  Isometrical  Projection.  With  172  Illus- 
trations, demy  8vo,  95.  cloth. 
"  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the  rlesmmi  of  tl» 

rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory."— 5a><n*r«/ir. 

"  This  Is  a  manual  for  the  practical  man.  whether  architect,  engineer,  oc  mechanic    .    .    .  The 

object  of  the  author  being  to  avoid  all  abstruse  formulx  or  complicated  methods,  and  to  enabto 

p«rton«  with  but  a  moderate  knowledge  of  geometry  to  aorkouttne  probtems  required.'  ^Ei^lisA 

Attckanic, 
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Comprehensive  Weight  Ctticulator, 

THE  WEIGHT  CALCULATOR.  Being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the  exact 
Value  of  any  Weight  n-om  x  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id. 
to  z68s.  per  cwt.,  and  containins  z86,ooo  Direct  Answers,  which,  with  their 
Combinations,  consisting  of  a  single  addition  (mostly  to  be  performed  at 
sight),  will  afford  an  aggregate  of  10,266,000  Answers ;  the  whole  being  calcu- 
lated and  designed  to  ensure  correctness  and  promote  despatch.  By  Hbnry 
Harben,  Accountant,  Sheffield,  Author  of  *'  The  Discount  Guide."  An  en- 
tirely New  Edition,  carefully  revised.    Royal  8vo,  strongly  half-bound,  £1  55. 

"  A  Diactical  and  useful  work  of  reference  for  men  of  business  generally ;  it  is  the  best  of  the 
kind  %re  nave  seen.  We  have  frcoucntly  been  asked  if  such  a  work  as  this  could  be  obtained,  and 
therefore  refer  to  It  with  plesisure.  — /nmrjwn^r. 

"Of  priceless  value  to  business  men.  Its  accuracy  and  completeness  have  secured  for  it  * 
reputation  which  renders  it  quite  unnecessary  for  us  to  say  one  word  In  Its  praise.  It  is  a  necessary 
book  in  all  mercantile  oSces,''—SM^*ld  Indtptndtnt, 

"An  enormous  amount  of  labour  must  hat-e  been  bestowed  upon  the  preparation  of  the  tables^ 
but  the  result  is  a  series  which  gives  the  answers  sought  mora  roauiiy  than  any  of  its  predecessors." 
Mittutg  ymtmal, 

CinnprehenHve  I>is€ount  Cruide. 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  of 
Tables  for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
bjr  which  may  be  ascertained  the  exact  Profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either 
Altering  a  Rate  of  Discount  or  Advancing  a  Price,  so  as  to  produce,  by  one 
operation,  a  sum  that  will  realise  any  -required  profit  vSxitT  allowing  one  or 
more  Discounts :  to  which  are  added  Tables  of  Profit  or  Advance  from  li  to 
go  per  cent,  Tables  of  Discount  from  iHo  9H  per  cent.,  and  Tables  of  Com- 
mission, Ac.  from  V  to  zo  per  cent.  By  Hbnry  Harben,  Accountant,  Author 
of  "  The  Weight  Calculator."  New  Edition,  carefully  Revised  and  Corrected. 
Demy  8vo,  544  pp.  half-bound,  £1  5$. 

*'  All  these  tables  are  well  arranged  and  cleariy  printed ;  and  the  collection  will  be  found  of  great 
-value  in  those  businesses  for  which  the  book  has  been  especially  compiled."— £nff-^M«rrsH^. 

**  A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time 
means  savfaig  of  money.  We  have  the  nii^  authority  of  Professor  I.  R.  Young  that  the  tables 
throughout  the  work  are  constructed  upon  strictly  accurate  priadples.  The  work  is  a  model  of 
typographical  clearness,  and  must  prove  of  great  value  to  merchants,  manuiacturers,  and  general 
traders.*— ^rMcA  TVtsrfr  yaumal. 

"  Much  time  and  labour  will  be  saved  by  the  use  of  this  book -even  to  the  most  expert  arith- 
metician. The  great  practical  utility  of  tne  'Discount  Guide'  will  no  doubt  make  it  a  standard 
work  of  reference."— ^»<toi  Commeraal  Keccrd. 

Iron  and  Metal  Trades'  Calculator. 

THE  IRON  AND  METAL  TRADES*  COMPANION.  Being 
a  Csdculator,  containing  a  Series  of  Tables  upon  a  New  and  Comprehensive 
Plan,  for  expeditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold 
by  Weight,  Trom  is.  per  cwt.  to  izzs.  per  cwt.,  and  from  one  farthing  per 
pound  to  one  shilling  per  pound.  Each  Table  extends  from  one  pound  to 
100  tons.  To  which  are  appended  Rules  on  Decimals,  Square  and  Cube  Root, 
Mensuration  of  Superficies  and  Solids,  Ac. ;  also  Tables  of  Weights  of 
Materials,  and  other  Useful  Memoranda.  By  Thomas  Downis.  Strongly 
bound  in  leather,  396  pp.,  9s. 
"  A  most  usaAil  set  of  tables  and  wQI  sopply  a  want,  for  nothing  Hke  them  before  esisted."— 

"  Will  save  the  possessor  the  trouble  of  making  numerous  intricate  calculations.  Ahhough 
speciaDy  adapted  to  tne  iron  and  metal  trades^  the  tables  contained  in  this  handy  little  companion 
wi!l  be  found  useliil  In  every  other  business  in  which  merchandise  is  bought  and  sold  by  wefght."^ 
RaUwaj  Nrwi. 

Tractical  Geometry. 

THE   GEOMETRY  OP   COMPASSES;  or.  Problems  Resolved 

by  the  mere  Dncription  of  Circles  and  the  use  of  Coloured  Diagrams  and 

Symbols.    By  Oliver  Byrnb.    Coloured  Plates.    Crown  8vo,  31. 6i.  cloth. 

"  A  very  useftil  work,  whkh  will  be  valued  by  all  who  are  pursuing  the  usefbl  and  <^«iT'trtng 
^ndy  of  geometry. "—/fwi. 

**  The  treatise  b  a  good  one,  and  remarkable— like  all  Mr.  Byrne's  contributions  to  the  science 
of  geometry— lor  the  ludd  character  of  Its  teaching."— J?M£tf^iV'  AVwx. 

"The  {MTobiems  In  this  use/hi  book  are  cleverly  worked  out  by  beautifully  coloured  and  uncotoured 
tUagrams.    It  will  no  doubt  be  extensively  circulated.    We  highly  recommend  U^—Cmm^ri^fe 
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INDUSTRIAL  AND  USEFUL  ARTS. 


Soajp-making, 

THE  ART  OF  SOAP-MAKWG :  A  Practical  Handbook  of  the 
Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  &c.  Inclading  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glvcerine  from  Waste  Levs. 
By  Alkxamdbr  Watt,  Author  of  "  Electro-Metallurgy  Practically  Treated," 
&c.    With  numerous  Illustrations.    Crown  8vo,  9s.  cloth. 

"The  work  will  prove  very  uaeful.  not  merely  to  the  technological  student^  but  to  tlie  pnctlcBl 
pboiler  who  wishes  to  understand  the  theory  of  his  art." — Chemical  Xewi. 


loai 


"It  is  really  an  excellent  example  of  a  technical  manual,  entering,  as  it  does,  thoroi^ly  and 
exhaustively  both  mto  the  theory  and  practice  of  soap  manufacture.  The  book  b  weD  and  noaest^ 
done,  and  deserves  the  considerable  arculation  with  which  it  wiH  doubtless  meet."— ATfc^w^^nCfr. 

"Mr.  Watt's  book  is  a  thoroughly  practical  treatise  on  an  art  which  has  almost  no  literature  in 
our  lanfuaiira.  We  congratulate  the  author  on  the  success  of  his  endeavour  to  iUl  a  void  In  English 
technical  l&rature."— A'a/wnr. 

".  .  .  .  Clearly  and  condsely  written,  and  appears  to  be  comprebcndve  and  oompleie.''— 
En^neerin^. 

Leather  Manufacture* 

THE  ART  OF  LEATHER  MANUFACTURE.  Being  a 
Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described^  and  the  Principles  of  Tanning  Ex- 
plained, and  many  Recent  Processes  introduced;  as  auso  Methods  for  the 
Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glae  Boiling,  Gut 
Dressing,  &c.  By  Alexander  Watt.  Author  of  "  Soap-Making,*'  **  Electro- 
Metallurgy,"  ftc.    With  numerous  Illustrations.    Crown  8vo,  X2S.  td.  cloth. 

\Just  published. 

"Every  item  of  use  and  interest  to  the  leather  trade  has  been  touched  upon,  and  the  descrip- 
tlons  and  explanations  of  the  various  processes  are  exhaustively  given." — ToHners'  and  Ctarrierf 
youtmat. 

"A  most  lucid  and  readable  book  upon  difficult  and  intricate  subjects.  Every  known  process  of 
tanning,  from  the  most  primitive  to  the  most  recent,  is  fully  and  accurately  d/euai^atA.  —^vttish 
LeatJur  Trader. 

Boot  and  Shoe  Making. 

THE  ART  OF  BOOT  AND  SHOE-MAKING.  A  Practical 
Handbook,  including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and 
Making,  with  a  Description  of  the  most  approved  Machinery  employed. 
By  John  B.  Lbno,  late  Editor  of  St.  Crispin^  and  The  Boot  and  Shoe-Makrr. 
With  numerous  Illustrations.    Crown  8vo,  5s.  cloth.  CJ^'sf  published, 

"  A  very  complete  account  of  the  art  and  science  of  bootmaking,  which  Includes  all  that  need 
be  said  about  Icadiers  and  other  materials,  as  well  as  about  hand-tools  and  the  various  machines 
that  have  latterly  been  Introduced  to  supplement  or  supersede  the  (dd-fashlooed  handiwork."— 
tyeeJtO  Dispatch. 

Dentistry. 

MECHANICAL  DENTISTRY:  A  Practual  Treatise  oh  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Comprising  also  Use- 
ful Formula,  Tables  and  Receipts  for  Gold  Plate.  Clasps,  Solders,  &c.  &c. 
By  Charles  Hunter.  Second  Edition,  Revised.  With  upwards  of  xoo 
Wood  Engravings.  Crown  8vo,  7s,  6d.  cloth. 
"The  work  is  very  practical.'— ^wi/AO'  Review  qf  Dt$Ual  Surgery. 
"  An  authoritative  treatise.    .    .    .    We  can  strongly  recommend  Mr.  Hunter'fc  treatise  to  all 

students  preparing  for  the  profession  of  dentistry,  as  well  as  to  every  mechanical  dentist.  '^Dttbtin 

yourtuu^  Medical  Science. 

"  A  work  in  a  concise  form  that  few  could  read  without  gaining  hilormatioa  icom.''— British 
yonmal  ^  Dental  Science. 

••  The  best  book  on  the  subject  with  which  we  axe  acquainted."— ^I/Mte/  Pnsj  and  Circular, 

Brewing. 

A   HANDBOOK  FOR    YOUNG  BREWERS.     By  Herbert 

Edwards  Wright,  B.A.    Crown  8vo,  3s.  6d.  cloth. 

"  This  little  volume,  containing  such  a  large  amount  of  good  sense  in  so  smefl  a  compass,  ought 
to  recommend  itself  to  every  brewery  pupil,  and  many  wno  have  passed  that  stage. —^rvKvrx 
Guardian. 

"  The  book  b  very  dearly  written,  and  the  author  has  successfully  brought  his  scientific  know- 
ledge to  bear  upon  the  various  processes  and  details  of  brewing.  To  the  younr  student  of  brewing, 
tlw  readingof  such  a  book  as  this  is  calculated  to  do  good  for  it  will  lead  him  to  inquliv  not  onbr 
what  b  to  be  done,  bat  why  it  should  be  done  "Srtver.  ^  ^^ 


} 
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JEHectrapiatinff,  etc* 

ELECTROPLATING  :  A  Practical  Handbook.  By  J.  W.  Urqu- 
HAXT,  C.E.    With  numerous  Illustrations.    Crown  8vo,  5s.  cloth. 

"  The  Tohune  is  without  a  rival  in  its  particular  spliere,  and  the  ladd  stvie  in  which  It  is  written 
commends  it  to  those  amateurs  and  experimental  electrotypcrs  wlio  have  out  slieht,  if  any,  know- 
Icdipe  of  tlie  DTOcesses  of  the  art  to  which  they  turn  their  attention."— ZW<fn  analVork^ 

"  The  Inlormation  pven  appears  to  be  based  on  direct  personal  knowledge.  .  .  Its  sdence 
is  sound  and  the  style  is  always  i^tax'-^AUuntntm, 

Electrotypingj  etc. 

ELECTROTYPING  :  The  Reproduction  and  Multiplication  of  Prints 
ing  Surfaces  and  Works  0/  Art  by  the  Electro-deposition  0/ Metals,  By  J.  W. 
Urqubabt,  C.B.    Crown  8vo,  5s.  cloth. 

"The  bccdr  Is  so  thoroughly  practical  that  it  assumes  to  start  with  an  entire  ignorance  on  the 
reader  s  part  of  electricity.  He  is,  therefore,  conducted  through  its  leading  laws,  then  through  the 
metals  used  by  eiectrotyper^  the  appaimtusi  and  the  depositing  processes,  up  to  the  6nal  prepara- 
tion of  the  work."— ^rt  JourruU, 

"In  this  work  the  author  enters  systematically  and  thoroughly  into  every  department  of  thA 
process,  in  the  style  of  one  who  combmes  theory  with  practice.  We  can  recomiaend  this  treatise^ 
not  merely  to  amateui%  but  to  those  actually  engaged  m  the  trade." — Chemicai  News. 

Electric  lAghting. 

ELECTRIC  LIGHT :  Its  Production  and  Use.  Embodying  Plain 
Directions  for  the  Treatment  of  Voltaic  Batteries,  Electric  Lamps,  and 
Dynamo-Electric  Machines.  By  J.  W.  Urquhart,  C.E.,  Author  of  "  Electro- 
platinR:  A  Practical  Handbook.^'  Edited  by  F.  C.  Webb,  M.I.C.E.,  M.S.T.E. 
Second  Edition,  revised,  with  large  Additions  and  128  Illnsts.    ys.  6d,  cloth. 

"  The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject."— ^rA«M<rMM. 

"  It  is  the  only  work  at  present  available  wluch  give%  in  language  mielfigible  for  the  most  part 
to  the  ordinary  reader,  a  general  but  concise  history  of  tlie  means  which  have  been  adopted  up  to 
the  present  time  in  producing  the  electric  light.    ...    A  chapter  on  the  comparative  cost  of  the 


electric  light  and  gas  contains  much  valuable  and  Interesting  iatomia.tion.''—A£etn>/i>iitaH. 
"  The  book  contains  a  general  account  of  the  means  adopted  in  producing  the  electric 
only  as  obtained  from  voltaic  or  galvanic  batteries,  but  treats  at  length  o7  the  dynamo-electric 


maclilne  in  several  of  its  forms.    ...    An  importmit  addition  to  the  literature  of  the  electric 
light.    Students  of  the  subject  should  not  fail  to  read  \x."—CoUUry  Guardian. 

Electro-MetaUurgy. 

ELECTRO-METALLURGY :  Practically  Treated.  By  Alexander 
V/K-n^  P.R.S.S.A.  Eighth  Edition,  Revised,  with  Additional  Matter  and 
Illostrations,  including  tne  most  recent  Processes,  zamo,  3s.  6(i.  cloth  boards. 

"From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful 
prosecution  of  electroplating."— /rw*. 

"A  practical  treatise  for  the  use  of  those  who  desire  to  work  In  the  art  of  electro  deposition  as 
a  business."— £»^/<i-A  Mechanic 

Silversmiths^  Work. 

THE  SILVERSMITWS  HANDBOOK.  Containing  full  In- 
structions for  the  Alloying  and  Workinc^  of  Silver,  including  the  different 
modes  of  Refining  and  Melting  the  MetaU  its  Solders,  the  Preparation  of  Imi- 
tation Alloys,  Methods  of  Manipulation,  Prevention  of  Waste,  Instructions 
for  Improvmg  and  Finishing  the  Surface  of  the  Work,  together  with  other 
useful  Information  and  Memoranda.  By  Gboros  E.  Gke,  Jeweller,  &c. 
Second  Edition,  Revised,  with  numerous  Illustrations.  lamo,  3s.  6d.  cloth 
boards.  [Just  published, 

**  The  chief  merit  of  the  woile  is  its  practical  character.        .    .    The  workers  in  the  trade  wiU 

speedily  discover  its  merits  when  they  sit  down  to  study  it.*— Et^lisk  Mechanic. 

"'rnis  work  forms  a  valuable  sequel  to  the  author's  'Goldsmith's  Handbook,'  and  supplies  a 

want  long  fiels  hi  the  silver  xxiA^'—SUversmUhs''  Trade  y^urnai. 

Goldsmiths*  Work. 

THE  GOLDSMITH'S  HANDBOOK.  Containing  full  Instruc 
tions  in  the  Art  of  Alloying,  Melting,  Reddcing,  Colouring,  C<^ecting  and 
Refining.  The  processes  of  Manipulation,  Recovery  of  Waste,  Chemical  and 
Physicu  Properties  of  Gold,  with  a  New  System  of  Mixing  its  Alloys ;  Solders, 
Enamels,  and  other  useful  Rules  and  Recipes,  ftc.  By  Gborgb  B.  Geb. 
Second  Edition,  considerably  enlarged,    ismo,  35. 6i.  cloth  boards. 

"  A  good,  sound,  technical  educator,  and  will  be  generally  accepted  as  an  authority.  It  gives 
full  paitlculars  for  mlsing  alloys  and  ename^  Is  essentially  a  book  for  the  workshop,  and  eiact^ 
fulfib  the  puipoea  Intended."— //Jgrg^iflrfee/  Jmtmal. 

*«Tbe  Iwst  work  yet  prtatad  on  tts  saQect  for  a  maooable  price.  We  have  no  doulit  that  it 
■will  speedily  become  a  standard  book  which  few  will  cam  to  bo  wtthoot."— yrwr/:^  and  Metal- 
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CHEMICAL  MANUFACTURES  &  COMMEBCE. 


Alkali  TrudBf  Manufacture  of  Sulphuric  Acid,  etc. 

A  MANUAL  OP  THE  ALKALI  TRADE,  including  the 
ManaCftcture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleachins  Powder. 
Bv  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon-Tyne  andf  London, 
with  23a  Illustrations  and  Working  Drawings,  and  containing  386  pages  of 
Text.    Super-royal  8vo.  £2  12s.  6d.  cloth. 


***  This  work  provides  (z)  a  Complete  Handbook  for  intending  Alkali  and 
Sulphuric  Acid  Manufacturers,  and  for  those  already  in  the  field  who  desire  to 
improve  their  plant,  or  to  become  practically  acquainted  with  the  latest  processes 
and  developments  of  the  trade :  (2)  a  Hanay  Volume  which  Manufacturers  can 
put  into  the  hands  of  their  Managers  and  Foremen  as  a  useful  guide  in  their  daily 
rounds  of  duty. 

Synopsis  of  Contents  : 


Chap.  I.  Choice  of  Sit«  and  General  FUm  of 
Works.— II.  Sulphuric  Add.— III.  Recovery  of 
the  Nitrogen  Compounds,  and  Treatment  of 
SmaU  lyrites.— IV.  The  Salt  Cake  Proces.— 
V.  Lenlatioa  upon  the  Noxious  Vapours  Ques- 
iloo.— VI.  The  Haisreaves'  and  Jones'  Pro* 
cesses.— VII.  The  BaUinffPnKess.— Vllt.  Uzi- 
▼lation  and  Salting  Down.— IX.  Carbooailng  or 


Finbhoig.  — X.  Soda  Crrstab.— XT.  Refined 
AlkaH.— XII.  Caustk  Soda.— XIII.  Iii<atstMMi- 
ate  of  Soda.— XIV.  Dkachtng  Powder.— XV. 
UUIisatkm  of  Tank  Waste.— XVI.  General  Re- 
marks—Four Apoendices  treating  of  l^eUL 
Sulphuric  AcidCakulatioos,  Ancniometeis.aad 
Foreign  Legislation  upoa  the  Noxious  V^kmus 
Question. 

"  The  andior  has  given  the  ftiOest,  most  practical,  and.  to  all  concemed  in  the  alkali  trade,  most 
valuable  mass  of  information  that,  to  our  knowledlge,  has  been  published  in  any  language."— £«• 

"  This  book  is  vrritten  by  a  manufacturer  for  manu'ecturers.  The  working  details  of  the  most 
approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  ajs  wood  en- 
■gravfngs,  all  of  whicn  may  be  used  for  the  purposes  of  construction.  Every  step  in  tne  mann&c- 
ture  is  very  fuDy  described  in  this  manual,  and  each  improvement  enlalned.  Everything  whtck 
tends  to  introduce  economy  into  the  technical  details  of  this  trade  receives  the  Aillast  attention."— 

"  The  author  is  not  one  of  those  clever  compilers  who,  on  short  notice.  wTl '  read  up '  any  canodv- 
Able  subiect,  but  a  practical  man  in  the  best  sense  of  the  word.  We  find  here  not  merely  a  sound 
And  luminous  explaiiailon  of  the  chemical  principles  of  the  trade,  but  a  notice  of  numerous  matters 
which  have  a  roost  important  b«iring  on  the  successful  conduct  of  alkali  works,  but  which  ar» 
generally  overfeoked  by  even  the  most  experienced  technological  authon.'—CAimieai  JUviev. 

Commercial  Chemical  Analysis, 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  AN^ 
A  LYSIS;  or.  Practical  Instructions  for  the  determination  of  the  Intrinsic  or 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades,  and  in  the 
Arts.  By  A.  Normandy.  Author  of  "Practical  Introduction  to  Rose's  Che- 
inistry,"  and  Editor  .of  Rose's  "Treatise  on  Chemical  Analysis."  New 
Edition,  Enlarged  and  to  a  great  extent  re-written,  by  HsNar  M.  Noao, 
Ph.D.,  F.R.S.    With  numerous  Illustrations.    Crown  8vo,  X2s.  6<f.  doth. 

"  We  recommend  this  book  to  the  carefbl  perusal  of  everyone  ;  It  m<iT  be^trnlv  affirmed  to  b« 
of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  aguid^  aSka  IndiapensaMe  to 
the  housewife  as  to  the  pharmaceutical  practitiooer.''— if«/^<»/  Timus, 

"Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  reanlts  an  given, 
jind  the  work  is  well  edited  and  carefully  written."— AWktc 

jyyC'Wares  and  Colours. 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES:  Their 
Properties,  Applications,  Valuation^  Impurities,  And  Sophistications.    For  the 
use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slatbr.    Second 
Edition,  Revised  and  grea47  Enlarged.    Crown  8vo,  72. 6tf.  cloth. 
*«*  This  book  contains  a  description  of  about  Six  Hundred  Colours,  Chemi- 

t:als,  and  Drugs  used  in  the  Tinctorial  Arts^  and  their  Sources^  Applications,  and 

possible  Impurities. 

"  A  complete  encyclopaedia  of  the  materia  tinetoHa.  The  Information  fihen  respcctiac  each 
article  is  full  and  precise,  and  the  methods  of  determining  the  value  of  ar  Jclei  such  as  these,  so 
liable  »o  sophistication,  are  given  with  cleantesi,  and  are  practical  as  well  as  valuable.*— CAmcii/ 
and  DruegUt' 

"  Practical  dyers,  ate  will  welcome  the  work  in  Its  improved  form.  There  b  no  other  wo«k  in 
the  language  which  covers  precisely  the  same  ground.  To  technological  students  preDarintf  for 
examinations  la  dyeing  and  printinglt  wlB  prove  eaceedingly  ttsefuL"-CA*JWi^A>iSr^^ 
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AGRICULTURE,  LAND  MANAGEMENT,  etc. 


Youatt  atid  Burn's  Complete  Grazier* 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE^ 
BREEDER'S  ASSISTANT,  A  Compendiam  of  Husbandry;  especially  in. 
the  departments  connected  with  the  Breeding,  Rearing^  Feeding,  and  General 
Management  of  Stock ;  the  Management  of  tne  Dairy,  &c.  With  Directions 
for  the  Culture  and  Management  of  Grass  Land,  of  Grain  and  Root  Crops, 
the  Arrangement  of  Farm  Offices,  the  use  of  Implements  and  Machines,  and 
on  Draining,  Irrigation,  Warping!,  &c. ;  and  the  Application  and  Relative 
Value  of  Manures.  By  William  Youatt,  Esq.,  V.S.  Twelfth  Edition,  ver^ 
considerably  enlarged  and  brought  up  to  the  present  requirements  of  Agri- 
cultural Practice  by  Robert  Scott  Burn,  Author  of  "  uutlines  of  Modern 
Farming."  ''Landed  Estates  Management,"  "Farm  Management,"  "The 
Lessons  of  My  Farm,"  Ac.  One  large  8vo  Volume,  860  pp.,  with  244  Illustra* 
tions,  £1  IS.  half-bound. 
*'  The  standard  and  tezt*book  wbh  the  fanner  and  gndtei'—Farmtrt*  Magmsine. 

"A  treatise  wMch  will  remain  a  standard  work  on  the  subject  aa  long  as  British  ac^rCculture 
enchucs."— Jtfar4  Lane  Ej^rtss  (First  Notice). 

The  book  deals  with  all  flepartments  of  affiictilture.  and  cxwtafais  an  Immenae  amount  of 
▼ahtabia  Information.  It  is,  in  fact,  an  encyclopaedia  of  agriculture  put  into  readable  form,  and  it 
is  the  only  work  equally  comprehensive  brought  down  to  present  date.  It  is  excellently  printed  on 
thick  paper,  and  stronsly  bound,  and  desenres  a  pbux  in  the  library  of  ereiy  agitcultafiat."— iforik 
Lmna  Expfxss  (Seamd  Notice). 

**  Of  great  vahie  to  the  farmer,  more  eyedaHy  to  the  yonng  cattle  breeder  and  feeder.  .  •  . 
This  esteemed  work  is  well  worthy  of  a  p&ce  in  the  Ubiailes  of  agTicultuiists."-iA«rC%  British 
Agriculturist, 

"  A  Tahiable  repertory  of  intelligence  for  all  who  make  agriculture  a  pursuit,  and  especially  for 
those  who  aim  at  keeping  pace  « tth  the  improvements  of  the  age.  .  .  .  The  new  matter  is  of 
BO  valuable  a  nature  tnat  the  volume  is  now  almost  entitled  to  be  considered  as  a  distinct  work."^ 
B0ii^sJifesstf^gler, 

Modem  Farming* 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils.  Manures,  and  Crops^ Farming  and  Fanning  Economy— Cattle,  Sheep, 
and  Horses— Management  of  the  Dainr,  Pigs  and  Poultry— Utilisation  of 
Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One  Vol.,  1,250  pp.,  half- 
bound,  profusely  Illustrated,  125. 

"The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehenslTe  and  trustworthy, 
and  in  this  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  credit.'*— AfprMi^ 
Advertiser. 

"Eminently  calculated  to  enBghten  the  agricuitursl  community  oo  the  varied  subjects  of 
which  it  treats,  and  hence  it  should  Ead  a  place  in  every  farmer's  libaxy,"—^i^  Press, 

"  No  fiumer  should  be  without  this  book."— Am^wry  Guariiatu 

Agricultural  Engineering. 

THE  COMPLETE  TEXT-BOOK  OF  FARM  ENGINEERING, 
Comprising  Practical  Treatises  on  Draining  and  Embanking ;  Irrigation  and 
Water  Supply;  Farm  Roads,  Fences,  and  Gates:  Farm  Buildings,  Bam 
Implements,  and  Machines ;  Field  Implements  and  Machines ;  and  Agricul- 
tural Surveying,  Levelling,  &c.  By  Prof.  John  Scott,  Editor  of  the 
Fanners'  Gasette^  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester,  &c.,  &c*  In  One  Vol.,  1,150  pa^es, 
with  600  lUusUations,  i2s.  half-bound.  \Just  published. 

"A  copy  of  this  work  should  be  treasured  up  In  every  library  where  the  owner  thereof  is  in 
any  way  connected  with  land.  "—Aarm  a$td  Home. 

"Written  with  great  care,  as  weQ  as  with  knowledge  and  abOity.  The  author  has  done  hia 
work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements. 
The  volume  will  be  of  great  value  to  agricultural  students,  ind  we  have  much  pleasure  in  recom* 
mending  it."— Af«rA  Lane  Express. 

"For  a  yonng  agriculturist  we  know  of  no  handy  vohuae  so  Bkely  to  be  more  uteAiny  Btadled. 
-^BelFs  lV«tJUy  Messenger. 

Amuteur  Farming* 

THE  LESSONS  OF  MY  FARM:  A  Book  for  Amateur  Agri- 
cttlturists.  Being  an  Introduction  to  Farm  Practice.  By  Robert  Scott 
BuRM.    With  numerous  Illustrations. 

lA  New  and  Enlarged  Edition  in  preparation^ 
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A  Text-Book  of  English  Agriculture. 

THE   FIELDS  OF  GREAT   BRITAIN  :    A  Text-Book    of 

Agriculture,  adapted  to  the  Syllabus  of  the  Scieace  and  Art  DeDartmeot. 

For  Elementary  and  Advanced  Students.    By  Hugh  Clements  (Board  of 

Trade).    x8mo,  2S,  6d.  cloth. 

"A most  comprdiensire  voliune,  giving  a  mass  of  infonBa!don.'''-A^ricutturtU Eeffnomist. 

"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more;  or  which  containi 
such  a  vast  andiiseful  fund  of  Imowlcdge."— £</Mai/urMtf/  Junes. 

Agricultural  JData* 

NOTE  BOOK  of  AGRICULTURAL  FACTS  and  FIGURES, 
for  Farmers  and  Farm  Students.  By  Primrose  McConnell,  Fellow  of  the 
Highland  and  Agricultural  Society*  late  Professor  of  Agriculture, Glasgow 
Veterinary  College.    Royal  32010  oolong,  leather,  with  strap,  4s. 

"  It  is  fuU  of  very  valuable  information.  Farmers'  sons  and  other  youths  who  wish  to  become 
farmen  at  home  or  abroad,  might,  even  Iwfore  their  school  education  is  completed,  become  faoaitiar 
with  the  facts  and  figures  furnished  in  this  interesting  and  valuable  little  hook.'—^^erdeen  Frte 
Press. 

Mudson^s  Land  Valuer's  Pocket-Book. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  Being  Tables 

en  a  very  much  Improved  Plan,  for  Calculating  the  Value  of  Estates.    With 

Tables  (or  reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute 

Measure,  &c.    By  R.  Hudson,  C.E.    New  Edition.   Royal  samo,  leather,  gilt 

edges,  elastic  band,  4s. 

"  This  new  edition  includes  tables  for  ascertaining  the  value  of  leases  for  any  term  of  years ; 
and  for  showing  how  to  lay  out  plots  of  ground  of  certain  acres  in  forms,  square,  round,  &c.,  with 
\ali:able  rules  tor  ascertaming  the  probable  worth  of  standing  timber  to  auy  amount;  and  is  of 
incalculable  value  to  the  country  gentleman  and  professional  man."— ^armcrr  yommaL 

Ewart's  Land  Improver's  JPocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FORMULAE, 
TABLES  and  MEMORANDA  required  in  any  Computation  relating  to  the 
Permanent  Improvement  of  Landed  Property.  By  John  ^wart,  Land  Surveyor 
and  Agricultural  Engineer.  Royal  32mo,  oblong,  leather,  gilt  edges,  with 
elastic  oand,  45. 
"A  compendious  and  handy  tittle  vohime."— ^cte/^r. 

Complete  Agricultural  Surveyor's  Fockst-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK.    Consisting  of  the  above  Two  Works  bound 
gether.    Leather,  gilt  edges,  with  strap,  7s.  6d. 

"  We  condder  Hudson's  book  to  be  the  l>est  ieady>reckoner  on  matters  relating  to  the  valua* 
t'on  of  land  and  crops  we  have  ever  seen,  and  its  combination  with  Mr.  Ewan's  work  greatly 
enhances  the  value  and  usefulness  of  the  latter-mentioned.  .  .  .  It  is  most  us^ul  as  a  manual 
for  reference."— A'*r/A  tif  bugland  Fartntr. 

Potato  Culture. 

POTATOES :  How  to  Grow  and  Show  ihm,  A  Practical  Guide  to 

the  Cultivation  and  General  Treatment  of  the  Potato.     By  James  Pink. 

With  Illustrations.    Second  Edition.    Crown  8vo,  as.  cloth. 

"A  wcU-written  little  volume.  The  author  gives  good  practical  Instructions  under  l)oth 
divisions  of  his  %\xh}f:X."'-A£riaUtMnti  Gazette. 


GARDENING,  FLORICULTURE,  etc. 

Early  Fruits,  Flowers  and  Vegetables. 

THE  FORCING  GARDEN :  or,  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegetables.  With  Plans,  and  Estimates  for  Building  Glass- 
houses, Pits  and  Frames.  Containing  also  Original  Plans  for  Double  Glazing 
a  New  Method  of  Growing  the  Gooseberry  under  Glass,  &c..  &c.,  and  on  Venti- 
lation, Protecting  Vine  Borders,  &c.  With  Illustrations.  By  Samubx.  Wood» 
Crown  8vo,  3s.  6«.  cloth. 

"  A.  goo;l  book,  and  fairly  fills  a  place  that  wvi  in  some  degree  vacatiL    The  book  is  written 
with  great  care,  and  contains  a  great  deal  of  valuable  teaching."— OtrdSmcrx  Afagmsttu. 

^    ."  ^^li  Woods  bo.>k  is  an  original  and  exhaustive  answer  to  the  questloD  'How  to  Ciow  Early 
Fruits,  Flowers  and  Vcgeubles  V  "--Laful  atul  footer. 
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Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING;  or.  How  to  Grow 

Vegetables,  Fruits,  and  Flowers.    With  Practical  Notes  on  Soils,  Manures, 

Seeds,  Planting.  Layin^-out  of  Gardens  and  Groonds,  &c    By  S.  Wood. 

With  numerous  Illustrations.    Third  Edition.    Crown  8vo,  s^'  cloth. 

"  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.  The  practical 
directions  are  excellent."— ^//ir»tf«m. 

"  May  be  recommended  to  young'  {^rdeners,  cottagers,  and  specially  to  amateurs,  for  the  plain, 
simple,  and  trustworthy  infonnatiou  it  gives  on  common  matters  too  often  negliected."—Cantefters' 
Chrvnide. 

Gainful  Gardening. 

MULTUM'IN'PARVO  GARDENING;  or.  How  to  make  One 
Acre  of  Land  produce  ^^620  a-year  by  the  Cultivation  of  Fruits  and  Vegetables ; 
also,  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  jCi?^  per 
annum  clear  Profit.  By  Samuel  Wood,  Author  of  "  Good  GardeniuR,"  &c. 
Fourth  Edition,  revised.   With  Wood  Engravings.    Crown  8vo,  as.  cloth. 

"We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman 
gardener,  tnit  to  the  market  grower." — Gardeuers'  Magasine. 

"  Of  all  the  practical  guides  to  the  amateur,  as  well  as  being  invaluable  to  m06t  gardeners,  Mr. 
Wood's  book  is  the  most  accurate  and  cu\\dai6,'''—HorticuUurai  Record, 

Gardening  for  Ladies, 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN, 
and  Amateur's  Complete  Guide.  With  Illustrations.  By  Samuel  Wood. 
Crown  8vo,  35.  6d.  cloth. 

"This  vohime  contains  a  good  deal  of  sound,  common-sense  instruction."— «F/»i<i(/. 

"  Fun  of  shrewd  hints  and  useful  instructions,  based  on  a  lifetime  of  t3ipetieacc.''—5coexmttu. 

Receipts  for  Gardeners. 

GARDEN  RECEIPTS.     Edited  by  Charles  W.  Quin.     i2mo, 
15. 6d,  cloth  limp. 
"A  useful  and  liandy  txwk,  containing  a  good  deal  of  valuable  information.*— ^/A^fMrMM. 

Kitchen  Gardening. 

THE  KITCHEN  A ND  MA RKET GARDEN.     By  Contributors 
to  "The  Garden."    Compiled  by  C.  W.  Shaw,  Editor  of  •*  Gardening  Illus- 
trated."   ximo,  3s.  6d.  clotn  boards. 
"  The  most  vahiable  compendium  of  kitchen  and  market-garden  work  published. "—/^armrr. 

Cottage  Gardening. 

COTTAGE  GARDENING;  or.  Flowers,  Fruits,  and  Vegetables  for 
Small  Gardens.    By  E.  Hobday,    xamo,  is.  6<<.  cloth  limp. 

**  Definite  instructions  as  to  the  cultivation  of  small  gardens."-^Sm/tma». 

"Contains  much  useftil  inforraadon  at  a  small  charge."— CAujw  Herald. 


AUCTIONEERING,  ESTATB  AQENCT,  etc. 

Auctioneer's  Assistant. 

THE  APPRAISER,  A  UCTIONEER,  BROKER,  HOUSE  AND 
ESTATE  AGENT  AND  VALUER'S  POCKET  ASSISTANT,  forthe  Valua- 
tion for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities  and  Reversions,  and 
of  property  generaUy;  with  Prices  for  Inventories,  &c.  By  John  Wheblbr, 
Valuer,  &c.  Fifth  Edition,  Re- written  and  greatly  Extended  by  C.  N orris, 
Surveyor,  Valuer,  &c.  Royal  32mo,  5«.  cloth. 
"  A  neat  and  concise  book  of  reference^  containing  an  admirable  and  dearly-arranged  list  of 

prices  for  inventorie*,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  Ac."Sfandard. 
"  Cram  full  of  valuable  information  of  practical  value.    It  is  a  trustworthy  and  compendious 

guide  to  all  sorts  of  valuation."— //uwra/wv  Agent. 

Auctioneering. 

AUCTIONEERS :    Their  Duties   and   Liabilities,    By  Robert 

Squibbs,  ^ctioneer.    Demy  8vo,  zos.  6d,  cloth. 

"The  position  and  duties  of  auctioneers  are  treated  compendiously  and  claarly."— ^ytfiirr. 
"Every  auctioneer  ought  to  possess  a  copy  of  this  excellent  wotk.''—/r0Hfiunfftr 
**0f  great  value  to  the  profession.    .    .        We  readDy  welcome  this  book,"— £«tei!rx  CamMt. 


32  CROSBY  LOCKWOOD  &>  CO.' S  CATALOGUE. 

House  Property. 

HANDBOOK  OF  HOUSE  PROPERTY :  A  Pofmlar  and  Practical 
Guide  to  the  Pitrchau,  Mortgage,  Tenancy,  and  Compulsory  Sale  of  Houut  and 
Land,  By  E.  L.  Takbuck,  Architect  and  Surveyor.  Third  E^tion,  lamo, 
35. 6d.  cloth. 

"  The  advice  is  thoroughly  practicaL"— Z«v  y^urum/. 

"This  is  a  well-wrritten  and  thoucrhtful  work.  We  commend  the  work  to  the  CBiefii]  Sttidir  of  a& 
Interested  in  questions  affectioK  houses  and  kuid." — Land  Agtnti  JUard, 

Inwood's  Estate  Tables, 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  Freehold, 
Copyhold ^  or  Leasehold;  Annuities,  A dvottfson5,&c.,  and  for  the  Renewing  ot 
Leases  held  nnder  Cathedral  Churches,  Colleges,  or  other  Cwporaie  bodies, 
for  Terms  of  Years  certain,  and  for  Lives  -  also  for  Valuing  Kerersionary 
Estates,  Deferred  Anntiities,  Next  Presentations,  &c:  together  with  Smart's 
Five  Tables  of  Compound  Interest,  and  an  Extension  of  the  same  to  Lower 
and  Intermediate  Rates.  By  W.  Inwood.  aand  Edition,  with  coosaderabJe 
Additiocs,  and  new  and  valuable  Tables  of  Logarithms  for  the  more  Difficult 
Computations  of  the  Interest  of  Money,  Discount,  Annuities,  &c,  bj  M.  Feoor 
Thoman,  of  the  Soci^t^  Credit  Mobilier  of  Paris,    xamo,  8s.  cloth. 

"Those  interested  In  the  purchase  and  sale  of  estates,  and  in  the  a^jostment  of  compencation 
cases,  as  well  .is  in  transactions  in  annuities,  life  insuranccSk  &c,  wfil  fiod  the  present  edizioa  of 
cniinent  sex  vice. " — /:  ftg^  inerruij^. 

"  '  Inn-ocxI's  Tables '  still  maintain  a  most  enTtablc  reputation.  The  new  Issue  has  been  enriched 
by  lar^c  additional  contriliiitions  by  M.  Fcdor  Thoniaa,  whose  careful^  amazed  Tables  caaaoc 
fail  to  DC  of  the  utmost  utility."— ATmiiv'  JoumaL 

How  to  Invest* 

HINTS  FOR  INVESTORS:  Being  an  Explanation  of  the  Mode 
;>  of  Traosactinf;  Business  on  the  Stock  Exchange.  To  which  are  added  Com- 
ments on  the  Fluctuations  and  Table  of  Quarterly  Average  prices  of  Consols 
since  1750.  Also  a  Cop^  of  the  London  Daily  Stock  ana  Sharo  List.  By 
WAI.TER  M.  PLATFORD,  Swom  Broker.    Crown  8vo,  zs,  cloth. 

"A  clcarlv-written  boolc.  by  one  who  evidently  knows  the  sort  of  infocaartioo  which  the 
OTestor  is  lilcply  to  v.aaX.."—IJoyk's  Ara-A 

"  An  invaluable  guide  to  investors  and  speculators."— fMi/ifoR<t<L 

A  Complete  Epitome  of  the  Laws  of  this  Country. 

EVERY  MAN*S  OWN  LAWYER:  A  Handy-book  of  the 
Principles  of  Law  and  Equity.  By  A  Barrister.  Twenty-second  Edition. 
Carefully  revised  and  brougnt  down  to  the  end  of  the  last  S^ion,  including 
Summaries  of  the  Latest  Statute  Laws.  With  Notes  and  References  to  the 
Authorities.  Crown  8vo,  price  6s.  8d.  (saved  at  every  consoltation),  stxo&gly 
bound  in  cloth. 

Comprising  THH    RIGHTS   AND    WRONGS   OF   I.VDU'I DUALS— MERCANTILE    AND  COM- 
MERCIAL     Law— CRIMINAL    LAW— PARISH     LAW— COUNTY    COURT    LAW— GAMR    AND 

FunuRY  Laws— Poor   Men's  Lawsuiis— The   Laws  of  Bankruptcy— Bets  and 

WaCERS— CHEVIES,   BILI_S    AND    NOTP-S— CONTRACTS    AND  AGREEMENTS— COPYRIGHT 

—Elections  and  Rkgistkation— In>uranck— Liiskl  and  Slander- Marriage  and 
Divorce—  Merchant  Shipping— Mortgages  —settlements- Stock  Exchange 
PRACTICE— Trade  Marks  and  Patents— Trilsp ass— Nuisances,  &c.— Transfer,  of 
Land,  &c.— Warranty— "Wills  and  agreements,  &c.  &c. 

Also,  Law  for  landlord  and  Tenant — Master  and  Servant— Workmen  and  Appreotices— Hcirt 
—Devisees  and  Legatees — Husband  and  Wife — Executors  and  Trustees — Guaraiaa  and  Ward- 
Married  Womt-n  and  Infants — Partners  and  Agents — Lender,  Borrower  and  Sureties — Debtor  and 
Creditor— Purchaser  and  Vendor — Companies  and  Associations — Friendly  Societies — Cleisj-nicn— 
ChurchuTirdens— Medical  Practitioners  &c.— Bankers— Farmers — Contractors— Stock  ana  Share 
Brolccfb — Sportsmen — Gamekeepers — Farriers  and  Horse  Dealers — Auctioneers — Hoose  Agents — 
Innkeepers,  &c.—Ikikcr!ir— Millers,  &c.—l'awnbrokers— Surveyors — Railvajrs  and  Canien— CoQ' 
stables— Seamen — Soldiers,  &c.  &c. 

Opittimts  of  the  Press, 

"  Xo  EngHshntan  night  to  be  "A'tthout  this  bock.  .  .  .  Any  person  peffectly  nnbifomied  on 
le^I  matters  who  may  require  sound  information  on  unknown  law  points,  viD,  by  reference  to  this 
booir,  acquire  the  neccssnnr  inronnation,  and  thus  on  many  occasions  save tte  expense  and  loss  of 
time  of  a  visit  to  a  lawyer.  ' — Unginrer. 

"It  is  a  complete  code  of  Hnelish  Law.  written  In  pbin  lanflniatre.  which  aB  can  understand. 

.    .    .    Should  be  in  the  tuuids  or  every  tmsiness  man,  and  all  woo  wish  to  at>ofidk  lawyers' tiiUs."— 
Wtekly  Times. 


"  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.r<-Xarw  Mmgatift. 

"What  it  professes  to  be— a  complete  epitome  of  the  laws  of  this  country.  thoroiMrhly  intelU- 
SrnJe  to  nqn -profe^Moial  readers.  The  book  is  a  handy  one  to  have  in  readiaess  wfeenaome  kiw.ty 
point  requires  ready  solution."— ^fZ/'j  Lifi.  '  «•  ^-«i  ■«««  9 

J.  OGDEN  and  CO.,   PrInTERS,  39,  30  and  31,   GT.   SAFFRON   HIX.!^  «.C. 


LONDON,  1862. 
THE  PRIZE  MEDAL 

Wu  iwuded  to  the  Publiilifn  of 


__  A  NEW  LIST   OF 

WEALE'S   SERIES 

RUDIMENTARY  SCIENTIFICjEDUCATlONAL, 
i  AND  CLASSICAL. 

I  ComtHiing  yilarfy  TArrr  Hundnd  and  Fi/ly  dHthnt  njrkl  in  altwal  rplry 
Jtfarimuni  >,/  Scitna,  Ari.anJ  ESMcatlan,  nccm  mtndid  tn  the  not  let  af  EneJHHn. 
Ankiltltt.  BuiU€rt.  Arlivau,  and  SttiJmfl  tmemUy.ai  vull  at  ta  thati  inUrufttt 
in    Wrritmm',  Li^rBn'it,  Uttrafr"t^J  ScitHlific  /mtitKtfsni,  CirUtgtt.  Sclaob, 

^  "  WEALE'S  SERIES  includes  Text-BooksoQ  almost  every  branch  of 
ence  and  Industry,  coirprismg  sucb  subjects  as  Agriculture,  Architecture 
1  Building,  Civil  Engineering,  Fine  Arti,  Mechanica  and  Mechanical 
Enginaeriog,  Physical  and  Chemical  Science,  and  many 
Treatises,     The  whole  are  constantly  underling  — '-'~    — 

brought  up  to  the  latest  discov — '—~  '— ■■" 

issued.    The  prices  at  which  thej 

red." — Amtrican  Littraiy  Gaiitii. 

UnODBSt  tbe  literaluie  ot  technical  education,  WBAt.B's  Sbkibs  hai  ever 
enjoyed  a  high  reputation,  and  the  additions  being  made  by  Messrs.  Ckosbv 
LociweoD  &  Co.  render  the  series  even  more  complete,  and  bring  the  infor- 
mation upon  the   (eveial  subject!  down   to  the  present  time." — Milting 

[t  is  not  too  much  to  say  that  no  books  have  ei-er  proved  more  popular 
with,  or  more  useful  to,  young  engineers  and  others  than  the  excellent 
■ — ■,i»os  comprised  in  Wkalb's  Series. "—EiigiiiM*-, 

The  excellence  of  Wbal£'s  Series  is  now  so  well  appreciated,  that  it 
would  be  vasling  our  space  to  enlarge  upon  their  generol  usefulness  and 
-•  c"~BKilder. 
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SMki :  Biidln«iit»i7,  SelwiUlle, 
"WEALE'S  SERIES,"  ETC. 

CROSBY    LOCKWOOD    &    CO., 

7,  stationers'   HALI.  court,    LUDG.VTE   hill,    LONDON, 


WEALES  RUDIMENTARY  SERIES. 


WEALE'S  AUDIHEHTABT  SCIE9TIFIC  SERIES. 


%*  The  volttmes  of  this  Series  are  fineely  Ulastrated  vith 
Woodcuts,  or  otherwise,  where  requisite.  ThrouftKrat  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  ia 
limp  cloth,  unless  otherwise  stated;  but  the  voiumes  nmrhtd 
with  a  t  Musx  «/*9  ^  hadttroHfffy  bound  in  cloth  boards  fir6d. 
extm, 

*^  N.B, — Im  ordering'  from  this  List  if  is  recomtnendtdy  as  a 
means  of  facilitating  business  artd  obviating  error,  to  quote  ike 
numbers  qfixed  to  the  volumes,  as  vtell  as  the  titles  and  prices. 


CIVIL  ENGINEERING,  SURVEYING,  ETC. 

No. 

31.  WELLS  AND  WELL-SINKING.    By  John  Geo.  Swihdeix, 

A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.    Revised  Edition.    With  a  New 
Appendix  on  the  Qualities  of  Water.    Illustrated,    ss. 
35.  THE   BLASTING  AND    QUARRYING   OF  STONE,  for 

Building  and  other  Purposes.  With  Remarks  on  the  Blowing  ap  of  Bridges. 
By  Gen.  Sir  Johk  Burgoyns,  Bart.,  K.C.B.    Illustrated,    is.  6d. 

43.  TUBULAR,  AND  OTHER  IRON  GIRDER  BRIDGES,^2i- 

ticularly  describing  the  Britannia  and  Conway  Tubular  Bridges.    By  G. 
Drysdalb  Dempsky,  C.E.    Fourth  Edition.    >s. 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  with  Practical 

Remarks^  on  Footings,  Sand,  Concrete,  B^ton,  Pile-driving,  Caissons,  and 
Cofferdams,  &c.    By  £.  Dobsok.    Fifth  Edition,    zs.  6d. 

60.  LAND  AND  ENGINEERING  SURVEYING.  By  T.  Bakek, 
C.E.  New  Edition,  revised  by  Edward  Nuorxt,  C.E.  as.t 
8o».  EMBANKING  LANDS  FROM  THE  SEA.  With  examples 
and  Particulars  of  actual  Embankments,  &c.  By  J.  WiGGixs,  F.G.S.  ss. 
81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raismg  Water.    By  Samubl  Huohks,  F.G.S.,  C.E.    New  Edition.    4S.t 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 
of.    By  David  Stevenson,  F.R.S.E.,  flee.    Plates  and  Diagrams,    m. 

167.  IRON  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER 
WORKS.   By  Francis  Cahpin,  C.E.    ss.  6d.t 

197.  ROADS  AND  STREETS  {THE  CONSTRUCTION  OF). 
By  Hbnrt  Law,  C.E.,  revised  and  enlar^^ed  by  D.  K.  Clark,  CB.,  inclnding 
pavements  of  Stone,  Wood,  Aspbaltc,  &c.    ^.  6d.t 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 
VILLAGES.    By  C.  Slaoo,  A.M.I.C.E.    Revised  Edition.    \%Ji 

212.  GAS-WORKS,  THEIR  CONSTRUCTION  AND  ARRANGE- 

AfENT\  and  the  Manufacture  and  Distribution  of  Coal  Gas.  Orieinally 
written  by  Samuel  Hughes.  C.E.  Re-written  and  enlarged  by  WiuJAii 
Richards,  C.E.    Seventh  Edition,  with  important  additions,    ss.  6d4 

213.  PIONEER  ENGINEERING.    A  Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Conn- 
tries.    By  Edward  Dobsok,  Assoc.  Inst.  C.E.    4s.  6d.t 
216.  MATERIALS  AND  CONSTRUCTION;   A  Theoretical  and 

Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction. By  Francis  Cakpin,  C.E.  Second  Edition,  revised,  ts.t 
219.  CIVIL  ENGINEERING.  By  Henry  Law,  M.Inst.  C.E. 
Including  Hydraulic  ENcmBRRiNO  by  Gbo.  R.  Burmsll,  M.Inst.  C.E- 
Seventh  Edition,  revised,  with  large  additions  by  D.  Kxnnbar  Claxk, 
M.Inst.  C.E.    6s.  6d..  Cloth  boards.  7s.  6d. 

___*?^_r?  *  »>tt^/ira/«  tkaf  these  vols,  may  be  had  strongly  bound  at  ^d  extra. 
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weale's  rudimentary  series. 


MECHANICAL  ENGINEERING,   ETC- 

33.  CRANES^  the  Construction  of,  and  other  ^lachinery  for  Raising 

Heavy  Bodies.    By  Joseph  Glynn,  F.R.S.  '  Illustrated,    is.  6d. 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardnkr.  Illustrated.   is.6d. 

59.  STEAM  BOILERS:  their  Construction  and  Management.    By 
R.  Armstrong,  C.E.    Illustrated,    is.  6d. 

82.  THE  POWER  OF  WATER,  as  appUed  to  drive  Flour  Mills, 
and  to  give  motion  to  Turbines,  &c.  .  By  Joseph  Glynn,  F.R.S.    %%.X 

98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 
Tools.    By  T.  Bakbr,  C.E.    With  Additions  by  J.  Nasuyth,  C.E.    2s.  (A,% 

139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theoiy 
of,  with  Rales  and  Examples  for  Practical  Men.   By T.  Bakbr,  C.E.    is.  6d. 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,  and  Locomotive    Engines,  Floating    Docks,  Dredging   Machines 
Bridges,  Cranes,  Ship-building,  &c.,  &c.  By  J.  G.  Winton.  Illustrated,  js.t 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.    By  J.  Armour,  C.E.     as.  6d4 

166.  POWER  IN  MOTION:  Horse-Power,  Toothed-Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  By  J.  Armour,  2s.6d.i 
171.  THE     WORKMAN'S     MANUAL     OF    ENGINEERING 

DRAWING.   By  J.  Maxton.  6th  Edn.   With  7  Plates  and  350  Cuts.  3s.  6d.« 
190.  STEAM    AND    THE    STEAM  ENGINE,  Stationary    and 

Portable.    By  Jou.v  Sbwell  and  D.  K.  Clark,  M.I.C.E.    38.  6d.t 
200.  FUEL,  its  Combustion  and  Economy.     By  C.  W.  Williams, 

With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel — Coal,  Coke, 

Wood,  Peat,  Petroleum,  «cc.— by  D.  K.  Clark,  M.I.C.E.    3s.  6d.t 
202.  LOCOMOTIVE  ENGINES.    By  G.  D.  Dkmpsey,  C.E. ;  with 

large  additions  by  D.  Kinnrar  Clark,  M.I.C.E.    3s.t 
211.  THE  BOILERMAKER'S   ASSISTANT  in   Drawing,  Tern- 

plating,  and  Calculating  Boiler  and  Tank  Work.     By  JoHx  Court.nby 

rractical  Boiler  Maker.   Edited  by  D.  K.  Ci.ark,  C.E.    100  Illustrations.  28. 
217.  SEWING  MACHINERY :  Its  Construction,  Hbtory,  &c.,  with 

full  Technical  Directions  for  Adjusting,  &c.   By  J.  W.  Qrquhart,  C.E.  2S.t 
223.  MECHANICAL    ENGINEERING,      Comprising  Metallurgy, 

Moulding,  Casting,  Forging.  Tools,  Workshop  Machinery,  Manufacture  ol 

the  Steam  Engine,  &c.    By  Francis  Campin,  C.E.    2s.  6a,% 

236.  DETAILS   OF  MACHINERY.     Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron.    Bv  Franxis  Campin,'C.E.    3S.t    * 

237.  THE  SMITHY  AND  FORGE;  including  the  Farrier's  Art  and 

Coach  Smithing.    By  W.  J.  E.  Crank.    Illustrated.    2S.  6d.t 

238.  THE  SHEET-METAL  WORKER'S  GUIDE;  a  Practical  Hand- 

book for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.    With  94  Diagrams  and 
Working  Patterns,    liy  W.  J.  E.  Crank,    xs.  6d. 

251.  STEAM  AND  MACHINERY  MANAGEMENT:  with  HinU 
on  Construction  and  Selection.    By  M.  Powis  Bale,  &LI.M.E.    2s.  6d.t 

254.  THE  BOILERMAKER'S  READY-RECKONER.    With  Ex- 

amples of  Practical  Geometry  and  Templating.     By  John   Courtkby. 
EdUed  by  D.  K.  Clark,  M.Inst.C.E.    4s.,  limp ;  58.,  half-bound. 

255.  LOCOMOTIVE  ENGINE-DRIVING.    A  Ptactical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.  By  Mich  abl  Rbynglds,  M.S.E. 
Seventh  Edition.    3s.  6d.,  limp ;  4s.  6d.  cloth  boards. 

256.  STATION AR  Y  ENGINE-DRIVING.    A  Practical  Manual  for 

Engineers  in  charge  of  Stationary  Engines.    By  Michabl  Rbyxolds,  M.SfeE. 
Third  Edition.    38.  6d.  limp ;  4s.  6d.  cloth  boards. 
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MINING,    METALLURGY,    ETC. 

4.  MINERALOGY^  Radiments  of;  a  concise  View  of  the  Generall 
Properties  of  Minerals.  B7  A.  Ramsay,  F.G.S.,  F.R.G.S.,  &c.  Third 
Edition,  revised  and  enlarged.     Illustrated.    3s.  6d.t 

117.  SUBTERRANEOUS  SURVEYING,  with  and  without  the  Mag- 
netic Needle.    By  T.  Fbmwick  and  T.  Baker,  C.£.    lUnstrated.    u.  6d. « 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Method» 
of  Seekinir*  Mining,  and  Assaying  Copper,  and  Mann&ctnring  its  Allof«.r 
By  Robert  H.  Lambork.  Ph.D.    Woodcuts.    2s.  6d.t 

I3S,  ELECTRO-METALLURGY;  Practically  Treated.  By  Alex- 
andbr  Watt,  F.R.S.S.A.  Eighth  Edition,  revised,  with  additioxtal  Matter 
and  Illustrations,  including  the  most  recent  Processes,   js.t 

172.  MINING  7'OOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  8cc.    By  William  Morgans,    as.  6d.l 

172*.  MINING  TOOLS,  ATLAS  of  Engravings  to  lUustmte  the  above, 
containing  235  Illustrations,  drawn  to  Scale.   4to.    4s.  6d. ;  cloth  boards,  6s. 

176.  METALLURGY  OF  IRON  ConUining  Histoty  of  Iron  Mana- 
facture,  Methods  of  Assav,  and  Analnes  of  Iron  Ores,  Pioccases  of  Mann- 
facture  of  Iron  and  Steel,  fcc.  By  H.  Baubrman,  F.G.S.  Fifth  Edition, 
revised  and  enlarged.    5s.t 

180.  COAL  AND  COAL  MINING.    By  Waxingtoxj  W.  Smyth, 

MJi.,  F.R.S.    Sixth  Edition,  revised.    3s.  6d.t 

195.  THE    MINERAL    SURVEYOR  AND   VALUER'S   COM- 

PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Improved 
Instruments ;  also  the  Correct  Principles  of  Laying  ont  and  V^ning  Mineral 
Properties.    By  Wiluam  Lintbrn,  Mining  and  Civil  Engineer,    js.  6d4 

214.  SLATE  AND  SLATE  gWii^^r/yt?,  Scientific  Practical,  and 
Commercial.    By  D.  C.  Davibs,  F.G.S.,  Mining  Engineer,  &c.    3s.t 

220.  MAGNETIC  SURVEYING,  AND  ANGULAR  SURVEY^ 
ING,  with  Records  of  the  Peculiarities  of  Needle  Disturbances.  Compiled 
from  the  Results  of  carefully  made  Experiments.    By  W.  Lintbrm.    2s. 


ARCHITECTURE,  BUILDING,  ETC. 

16.  ARCHnECTURE— ORDERS— Tht  Orden  and  their  Esthetic 

Principles.    By  W.  H.  Lbbds.    Illustrated,    is.  6d. 

17.  ARCHITECTURE-^STYLES-^TYkt  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  mnn  the  Earliest  to  the 
Present  Period.    By  T.  Talbot  Bury,  FJ<..I.B.A.,  &c.    illustrated,    ss. 
*«*  Orders  and  Styles  or  Akchitbcturb,  in  Out  fW.,  3«.  6d, 

18.  ARCHITECTURE— DESIGN—Tht  Principles   of  De«i?n  in 

Architecture,  as  deducible  firom  Nature  and  exemplinod  in  the  W<  rkt  of  the 

Greek  and  Gothic  Architects.  By£.  L.  Garbbtt,  Architect.  Illustnted.  2s.6d. 

V  rAtf  thru  frecedin^  Works,  in  One  handsome  Vol.,  half  bosmd,    tniitUd 

**  Modern  ARCRrrBcroRB,"  pricg  ts, 

22.  THE  ART  OF  BUILDING,  Rudiments  of.  General  Principles 
of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Matenals, 
W<n-king  Drawings,  Specifications,  and  Estimates.     By  £.  Dobson,  ss.t 

2S.  MASONRY  AND  STONECUTTING :  Rudimentary  Treatise 
on  the  Principles  of  Masonic  Projection  and  their  application  to  Coo- 
structton.    By  Edward  Dobson,  M.K.I.B.A.,  ftc.    2s.  6d.t 

42.  COTTAGE  BUILDING.     By  C.    Brucb   Allen,  Architect 

Tenth  Edition,  revised  and  enlarged.  With  a  Chapter  on  Economic  Cottages 
for  Allotments,  by  Edward  £.  Allen,  C.E.    as.  ^usf  fmblisked. 

4$.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 
PLASTERING,  ftc.    By  G.  R.  Burnbll,  C.E.    Twelfth  Edition,    is.  6d. 
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Architecture,  Building,  etc.,  continued. 

57.  WARMING  AND  VENTILATION,  An  Exposition  of  the 
Greneial  Principles  as  applied  to  Domestic  and  Pablic  Buildinn.  Miaes, 
Ligfathonses,  Ships,  &c.    By  C.  Toulinson,  F.K.S.,  ftc.    Illustrated.    3s. 

III.  ARCHES,  PIERS,  BUTTRESSES,  <&•«.:  Experimental  Essays 
on  the  Principles  of  Construction.    By  W.  Bland.    Illustrated,    is.  6d. 

fi6.  THE  ACOUSTICS    OF   PUBLIC    BUILDINGS;    or,  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the?Architect  and 
Builder.    By  T.  Roger  Smith,  M.R.I.B.A.,  Architect.    Illustrated,    is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.    Illustrated,    zs.  6d. 

128.  VITRUVIUS—THE     ARCHITECTURE     OF     MARCUS 

VITRUVWS  POLLO.    In  Ten  Books.    Translated  from  the  Latin  \ty 
JosBPH  GwiLT,  F.SA.,  F.R JI.S.    With  sj  Plates.    5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  of  Aberdbbn.    is. 
'*•"  Tk€  two  preceding  Works  in  One  hamUome  Vol,,  half  bound,  eniiiled  "Amcbnt 

ARCHrrBCTURB,"  price  6s, 

132.  THE  ERECTION  OF  DWELLING-HOUSES.  Dlustnited  by 
a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  pair  of  Semi- 
detached Villas,  with  the  Specification,  Quantities,  and  Estimates,  &c.  By 
S.H.  Brooks.    New  £^tion,  with  Plates,   as.  6d.t 

456.  QUANTITIES  AND  ME ASUREMENTS,'Royn\oQ9k:a\a3MvA 
Take  them  in  Bricklayers',  Masons',  Plasterers',  Plumber^  Painters',  Paper- 
hangers',  Gilders',  Smiths',  .Carpenters',  and  Joincars*  Woric.  By  A.  C. 
Beaton,  Architect  and  Surveyor.  New  and  Enlarieed  Edition.   HIus.   xs.  6d. 

<7S.  LOCKWOOD  <&•  CO:S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  containing  the  latest  Prices  of  all  kinds  of  Builders'  Materials 
and  Labour,  and  of  all  Trades  connected  with  Building,  ftc.  ftc.  Edited 
by  F.  T.  W.  Miller,  Architect.  Published  annually.   3s.  6d. ;  naif  bound,  4s. 

i82.  CARPENTRY  AND  yOINERY—TniL  Elemsntaky  Peih- 
ctPLBS  or  Carpbktry.  Cbtefly  composed  from  the  Standard  Work  off 
Tromas  Trbdoold.  C.E.  With  a  TREATISE  ON  JOINERY  by  B. 
Wvndham  Tarn,  MA.  Fourth  Edition,  Revised  and  extended,  with  nume- 
rous Illustrations.    3s.  6d.t 

«82*.  CARPENTRY  AND  JOINERY.     ATLAS  of  35  Flatet  to 

accompany  the  above.  With  Descriptive  Letterpress.    4to.6s. 
185.  THE  COMPLETE  MEASURER  ;  the  Measurement  of  Boards, 
Glass,  ftc. ;  Unequal-sided,  Square-sided,  Octagonal-sided,  Round  Timber 
and  Stone,  and  SUnding  Timber,  ftc.     By   Richard   Horton.     Fifth 
Edition.     4s. ;  strongly  bound  in  leather,  5s. 

187.  HINTS  TO  YOUNG  ARCHITECTS.  By  G.  WlOHTWiCK. 
New  Edition.    By  G.  H.  Guillaumr.    Illustrated.    3s.6d.| 

f  88.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING  :  with  a  Course  of  Elementary  Drawing  for  House-Painters,  Sign* 
Writers,  ftc.,  and  a  Collection  of  UsefU  Receipts.  By  Elus  A.  Davidson. 
Fourth  Edition.   With  Coloured  Plates.    5s.  cloth  limp ;  6s.  clotb  boards. 

189.  THE   RUDIMENTS    OF   PRACTICAL    BRICKLAYING. 

In  Six  Sections:  General  Principles;  Arch  Drawing,  Cutting,  and  Setting: 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastennpr;  Practical 
Geome^,  Mensuration,  ftc.    By  Adam  Hammond.    Fifth  Edition,    xs.  6d. 

191.  PLUMBING.  A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber.  With  Chapters  upon  House  Drainage.  Fourth  Edition. 
With  330  Illustrations.    By  W.  P.  Bucham.    »,6A.% 

102.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 
and  BUILDER'S  STANDARD  GUIDE.  By  Ricuard  E.  Gramdt. 
Second  Edition,  Revised.    38.t  
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Architecture,  Building,  etc.,  continued, 

106.  A  BOOK  ON  BUILDING,  CivU  and  Ecclesiastical,  including 
Chukch  Restoration.  With  the  Tbeory  of  Domes  and  the  Great  PjTanii^ 
&c.  By  Sir  Edmund  BfecxETT,  Bart.,  LL.D.,  Q.C,  F.R . A.S.    4s.  6d.t 

226.  THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 
Constmctiom  of  various  kinds  of  Fng^ineering  and  Architectnnd  Works.  Br 
Wyvill  J. Chkisty,  Architect.  With  op^rards of  160 EngraTin^on  Wood,  js.'t 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON 

By  E.  Wv.VDHAM  Tarn.  M.A.y   Architect.  Second  Edition,  revised,    zs.  6d. 

229.  ELEMENTARY  DECORATION:   as  applied  to  the  Interior 

and  Exterior  Decoration  of  Dwelling-Houses,  &c.     By  Jaues  W.  Facsv. 
Illustrated  with  Sizty-eight  explanatory  Engravings.    2S. 

257.  PRACTICAL  HOUSE  DECORATION,    A  Guide  to  the  Art 

of  Ornamental  Painting,  the  Arrangement  of  Colours  in  Apartments,  and 

the  Principles  of  Decorative  Design.     With  Remaiks  on  tnc  Nature  and 

Properties  of  Piements.    By  James  IV.  Facey.    2s.  6d.     \yusi puhltsked. 

*,•  The  two  preceding  H  orks^  in  One  handsome  ]'ol.^  half- bound,  entitled^*  Uofsc 

Decoration,  Elementary  axd  Practical,"  price  5*,  {y usi publisJkrd, 

230.  HANDRAILING,    Showing  New  and  Simple  Methods  for  finding 

the  Pitch  of  the  Plank.  Drawing  the  Moulds,  Bevellinr,  Jointing-np,  ana 
Squaring  the  Wreath.    By  Gborcs  Collings.    Plates  ana  Diagrams.    zs.6d. 

247.  BUILDING  ESTATES  :  a  Rudimentary  Treatise  on  Die  Devdcm- 

ment,  Sale,   Purchase,  and  General  Management  of  Building  Land.     By 
FowLSR  M  A iTLAND,  Surveyor.    Illustrated,    ss. 

248.  PORTLAND  CEMENT  FOR   USERS,    By  Henry  Faija, 

Axsoc.  M.  Inst.  C.E.    Second  Edition,  corrected.    Illustrated.    2s. 

252.  BRICKWORK:    a  Practical  Treatise,   embodying  the  General 

and  Higher  Principles  of  Bricklaying,  Cutting  and  Setting,  8ec.     By  F. 
Walker.    Second  Edition,  Revised  and  Enlarged,    is.  6d. 
23.  THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Comprising: 
Z89.      Brick  axd  Tile  Making,  by  £.  Doosox,  A.I.C.E.;  Practical  Bricklay- 
158.      ING,  hy  A.  Hammond  ;  Brickwork,  by  F.  Walker.    550  pp.  with  270  Illus- 
trations.   6s.    Strongly  half-bound. 

253.  THE    TIMBER   MERCHANT'S,    SAW-MILLER'S,    AND 

IMPORTER'S  FREIGHT-BOOK  AND  ASSISTANT.  By  Wm.  Rich- 
ardson. With  a  Chapter  on  Speeds  of  Saw-Mill  Machinery,  &c  By 
M.  Powis  Bale,  A.M.Inst.C.E.    3s.$ 

SHIPBUILDING,   NAVIGATION,   MARINE 

ENGINEERING,   ETC. 

51.  NA  VAL  ARCHITECTURE.  An  Exposition  of  the  Elementary 
Principles  of  the  Science,  and  their  Practical  Application  to  Naral  Construc- 
tion.   By  J.  Peaks.    Fifth  Edition,  with  Plates  and  Dtagrams.    3s.  6d4 

53».  SHIPS  FOR  OCEAN  &*  RIVER  SER  VICE,  Elementary  and 
Practical  Principles  of  the  Construction  of.    By  H.  A.  SoMMntniLDT.   is.  6d.. 
53»«.  AN  ATLAS  OFENGRA  VINOS  to  Illustrate  the  above.  Twelve 
large  folding  plates.    Royal  4to,  cloth.    7s.  6d. 

54,  MASTING,  MASTMAKING,  AND  RIGGING  OF  SHIPS,, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Riaging,  Blocks ;  Chain, 
Wire,  and  Hemp  Ropes,  ftc,  relative  to  every  class  of  vessels.  By  Robbrt 
KxppofO,  NA.  Fifteenth  Edition.    Illustrated,    ss.^ 

S4».  IRON  SHIP-BUILDING.  With  Practical  Eiamples  and  Details 

By  John  Grantham,  C.E.    5th  Edition.    4s. 
54**.  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  aborc. 

Fifth  Edition.    4to,  boards.    38s. 

55.  THE  SAILOR'S  SEA  BOOK:  a    Rudimentaiy  Treatise  on 

Navigation.    By  Jambs  Grbbnwood,  B.A.    With  numerous  Woodcuts  and 
Coloured  Plates.    New  and  enlarged  edition.    By  W.  H.  KossEit.    ss.  6d.J 

The  t  indica/es  thai  these  vols,  may  be  had  strongly  bound  at  6d,  txim. 


LONDON:  CROSBY  LOCKWOOD  AND  CO., 


WEALE'S   RUDIMENTARY   SERIES. 


Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont, 
80.  MARINE  ENGINES  AND  STEAM  VESSELS,    By  Robert 

Murray,  C.E.^  Principal  Officer  to  the  Board  of  Trado  for  the  East  Coast 
of  Scotland  District.  Eighth  Edition,  thoroughly  Revised,  with  Additions 
by  the  Author  and  by  George  Carlisle.  C.E.,  Senior  Survjnror  to  the  Board 
of  Trade,  Liverpool.    4s.  6d.  limp  ;  5s.  cloth  boards.  \Just  publisktd* 

83*1/*  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 
ally  Derived,  on  some  of  the  Principles  regulating  Shipbuilding.  By  W. 
Bland.  Seventh  Edition,  revised, with  numerous  Illustrations  and  ModeIs.xs.6d. 

99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  m  Theory 
and  Practice.    By  Prof.  J.  R.  Young.    New  Edition,    as.  6d. 

106.  SHIPS*  ANCHORS,  a  Treatise  on.  By  G.  Cotsell,  N.A.    is.  6d. 

149.  SAILS  AND  SAIL'MAKING.  With  Draughting,  and  the  Centre 
of  Effort  of  the  Sails ;  Weights  and  Sizes  of  Ropes ;  Masting,  Rigging, 
and  Sails  of  Steam  Vessels,  &c.  ixth  Edition.  By  R.  Kipping,  NJL,  as.  6d.t 

155.  THE  ENGINEER'S  GUIDE  TO  THE  ROYAL  AND 
MERCANTILE  NAVIES.  By  a  Practical  Enginbbr.  Revised  by  D. 
F.  M'Carthy,  late  of  the  Ordnance  Survey  Office,  Southampton.    3s. 

5c    PRACTICAL   NAVIGATION,      Consisting   of  The    Sailor's 
ic      Sea-Book.     By  Jambs  Grbenwood  and  W.  H.  Rossbr.     Together  with 
«^.      the  requisite  Mathematical  and  Nautical  Tables  for  the  Workmg  of  the 
*"^'    Problems.    By  H.  Law,  C.E.,  and  Prof.  J.  R.  Young.    7s.    Half-bound. 


AGRICULTURE,  GARDENING,  KTG. 

6l».  A  COMPLETE  READY  RECKONER  FOR  THE  ADMEA- 
SUREMENT  of  LAND,  &c.  By  A.  Arman.  Second  Edition,  revised 
and  extended  by  C.  NoRRis,  Surveyor,  Valuer,  8cc.  as. 

131.  MILLER'S,  CORN  MERCHANTS,  AND  FARMER'S 
READY  RECKONER.  Second  Edition,  with  a  Price  List  of  Modern 
Flour- MUl  Machinery,  by  W.  S.  Hutton,  C.E.    as.  [Jtui published. 

140.  SOILS,  MANURES,   AND   CROPS.    (Vol.   i.  Outltnks  of 

Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts,    as. 

141.  FARMING  <&•  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  s.Outunbs  of  Modbrn  Farming.)  By  R.  Scott  Burn.  jt. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES,      (Vol.    3. 

OuTLiN'BS  OF  Modbrn  Farming.)    By  R.  Scott  Burn.  Woodcuts,    as.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.     By 

R.  Scott  Burn.    (Vol.  4.  Outlinbs  of  Modbrn  Farming.)    n* 

146.  UTILIZATION     OF     SEWAGE,     IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  <.  Outunrs  of  Modbrn 
Farmixg.)    By  R.  Scott  Burn.    Woodcuts,    as.  od. 
*«*  AVs.  X40-i-a-5-6,  tn  One  VoL,kandw9iuly  half -bound,  entiiUd  "  OurUNBS  OF 
Modbrn  Farming."   By  Robbrt  Scott  Burn.    Pries  zax. 

177,  FRUIT  TREES,  The  Scientific  and  ProfiUble  Culture  of.  From 
the  French  of  Du  Brbuil.  Revised  by  Gbo.  Glbnny.  187  Woodcuts.  3s.  6d.t 

198.  SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY,  AND 
DISEASES  OF.  By  W.  C.  Spoonbr,  M.R.V.C.  &c.  Fourth  Edition, 
enlarged,  including  Specimens  of  New  and  Improved  Breeds.  3s.  6d.t 

SOI.  KITCHEN  GARDENING  MADE  EASY.  By  GEOiGE  M.  F. 
Glbnny.    Illustrated,    xs.  6d.l 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organu 

nation  of  Farm  Labour.    By  R.  Scorr  Burn.    as.  6d4 

208.  OUTLINES   OF  LANDED   ESTATES  MANAGEMENT, 

By  R.  Scorr  Burn.   as.  6d.t 

%*  Not.  aoj  &*  ao&  in  One  Vol.,  handsomely  half-bound,  entitled  "  Ovtunbs  of 
Landbd  Estatbs  and  Fakm  Managbmbnt."    By  R.  SCott  Burn.    Price  6s. 

The  t  indicates  thai  these  vols,  may  be  had  strongly  bound  at  td.  extra. 
1,   STATIONERS'  HALL  COURT,  LUDGATK  HILL,   B.C. 
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Agriculture,  Gardening,  etc.,  continued. 

209.  THB  TREE  PLANTER  AND  PLANT  PROPAGATOR. 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fnitt   Trees, 
Flowering  Shrabs,  Flowering  PlanU,  8cc.     By  Samuel  Wood.    ss.t 

210.  THE  TREE  PRUNER.    A  Practical  Manual  on  the  Pmning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation ;  also  tiie  Pnming 
of  Shrubs,  Climbers,  and  Flowering  Plants.    By  Sakcbl  Wood.    2s.t 

•••  Nos.  909  ^  sio  tH  Ohs  Vol.,  handsomely  half -bound,  eniiiled  "Tkb  TasB 
Plamtbr,  Propagator,  and  Prukbr."    By  Samuel  Wood.    Price  5*. 

218.  THE  HA  Y  AND  STRA  W  MEASURER  :  Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealer*,  ftc. 
By  John  Stbblb.  Fourth  Edition,  ss. 

222.  SUBURBAN  FARMING.  The  Laying-ont  and  Coltivation  of 
Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultxy, 
and  Pigs.    By  ProC  John  Donaldson  and  R.  Scott  Burn.    3s.  6a4 

231.  THE  ART  OF  GRAFTING  AND  BUDDING.    By  Charles 

Baltbt.    With  Illustrations.    t8.6d.t 

232.  COTTAGE  GARDENING;  or,  Flowers,  FniiU,  and  Vegetables 

for  Small  Gardens.    By  £.  Hobday,    zs.  6d. 

233.  GARDEN  RECEIPTS.    Edited  by  Cha&LSS  W.  QuiK.    is.6d. 

234.  THB  KITCHEN   AND  MARKET   GARDEN.    CompUed 

by  C.  W.  Shaw»  Editor  of  "  Gardening  lUustrated."    i%X 

239.  DRAINING  AND  EMBANKING.    A  Practical  Treatise,  em- 

bodying  the  most  recent  experience  in  tiie  Application  of  Improved  Mediods. 
By  JOHN  Scott,  late  Professor  of  Agriculture  and  Rural  Kconomy  at  tfw 
Royal  Agricultural  College,  Cirencester.    With  68  Illustrations,    is.  6d. 

240.  IRRIGA  TION  AND  WA  TER  SUPPL  Y.    A  Treatise  on  Water 

Meadows,  Sewage  Irrigation,  Warping,  8tc. ;  on  the  Construction  of  Wells, 
Ponds,  and  Reservoirs ;  and  on  Raismg  Water  by  Machinery  for  Agticn]> 
tural  and  Domestic  Purposes.    By  Prof.  John  Scott.    With  34  Illus.  is.  6d. 

241.  FARM  ROADS,    FENCES,    AND    GATES.     A   Practical 

Treatise  on  the  Roads,  Tramwajrs,  and  Waterways  of  the  Farm;  the 
Principles  of  Enclosures ;  and  the  different  kinds  of  Fences,  Gates,  and 
Stiles.    By  Professor  John  Scott.    With  75  Illustrations,    zs.  6d. 

242.  FARM  BUILDINGS.     A  Practical  Treatise  on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Coastracdon, 
including  Plans  and  Estimates.   By  Prof.  John  Scan.   WiUi  105  lUns.   ts. 

243.  BARN  IMPLEMENTS  AND    MACHINES.     A    Pkactical 

Treatise  on  the  Application  of  Power  to  the  Operations  of  Agriculture^  and 
on  various  Machines  used  in  the  Threshing- barn,  in  the  Stock-yard,  and  m  dw 
Dairy,  ftc.  By  Prof.  J.  Scott.  With  123  Illustrations,  as. 

244-  FIELD  IMPLEMENTS  AND  MACHINES.      A   Practical 

Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details  of  Con- 
struction, their  Points  of  Excellence,  and  Management.    By  IVofessor  John 
4    Scott,    with  xj8  Illustrations.    2s. 

245.  AGRICULTURAL  SURVEYING.     A  Practical  Ti«atise  on 

Land  Surresring,  Levelling,  and  Setting-out ;  and  on  Measuring-  and  Esti- 
mating Quantities,  Weights,  and  Values  of  Materials,  Produce,  Stock,  ftc. 
By  Prof.  John  Scott.    With  6a  Illustrations,    xs.  6d. 

*«*  Nos.  9t9  to  245  m  One  Vol.,  Mandsomelv  Jkal/^bound.  entitled  "Thb  CoMnari 
Tbxt-Book  of  Farm  Enoinbkrinc."    By  Ptofiessor  John  Scott.   Price  xat. 

250.  MEA  T  PRODUCTION.    A  Manual  for  Producers,  Distributois, 
ftc.    By  John  Ewart.    as.  6d.t 

The  t  indicates  that  these  vols,  may  he  had  strongly  bound  «U  ^d.  extru. 
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MATHEMATICS,   ARITHMETIC,   ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 

their  Constmction  and  the  Methods  of  Testint^,  Adjostinr,  aad  Usinr  them 

are  conciselv  Explained.     By  J.  F.  Hbathbr,  M.A..  of  the  Royal  Military 

Academy,  Woolwich.    Original  Edition,  in  i  voly  Illastrated.    xi .  6d. 

%•  In  orderingtke  above^  be  careful  to  say^  **  Original  Ediiion  *'  (No,  3a),  to  eUttm' 

guish  it  from  the  Enlarged  Edition  in  3  vols,  {Not,  x68-9«70.^ 

76.  DESCRIPTIVE  GEOMETR  K,  an  Elementaiy  Treatise  on ; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  MoNGB.  To  which  is  added,  a  description  of  the  Princinles  and  Practice 
of  Isometrical  Projection.    By  J.  F.  Hbathbr,  M.A.    With  14  Plates,    ss. 

178.  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simplest 
Modes  of  Constructingr  Figures  contained  in  one  Plane  and  Greometrical  Con- 
struction of  the  Ground.  By  J.  F.  Hbathbr,  M.A.  Widi  8x5  Woodcuts,  ts. 

83.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

and  Forms  in  English.  French,  Italian,  and  Grerman.    By  Jambs  Haddon, 
M.A.,  Arithmetical  Master  of  King's  College  School,  Londlon.    is.  6d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on:  with  full  Explana* 

tions  of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.    By 
Professor  J.  K.  Young.    Tenth  Edition,  corrected,    xs.  6d. 
^*.  A  Kby  to  the  above^ontaining  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  ol 
Teachers  and  Unassisted  Learners.    By  J.  K.  Yooko.    xs.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

Annuities,  Life  Assurance,  and  General  Commerce ;  with  various  Tablet  by 
which  all  Calculations  may  be  greatly  fincilitated.   By  W.  Hipslby.    ss. 

86.  ALGEBRA^   the  Elements   of.      By  Jambs   Haddon,   M.A. 

With  Append,  containing  miscellaneous  Investigations,  and  a  Collection 
of  Problems  in  various  parts  of  Algebra,    ss.. 
86*.  A  Kby  and  Companion  to  the  above  Book,  forming  an  extensive  renositoiy  off 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedient* 
necessary  in  Algebrucal  Operations.    By  J.  K.  Youno.    is.  6d. 

88.  EUCLID,  The  ELEMBirrs  of  :  with  many  additional  Pkxmosltiom 
^A     and  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
^     Logic.    By  Hbnky  Law,  C.E.    ss.  6d4 

*•*  Sold  alto  eeparu^fy,  vn»  ?-• 

88.  EucUD,  The  First  Three  Books.    By  Hbnry  Law,  CE.    xs.  6d. 

89.  Euclid,  Books  4, 5, 6^  xx,  xs.    By  Hbnry  Law,  C.E.    xs.  6d. 

9a  ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS. 
By  Jambs  Uann.    A  New  Edition,  by  Professor  J.  R.  Youno.    ss.t 

91.  PLANE    TRIGONOMETRY,  the   Elements   of.     By  jAicss 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,    xs.  6d. 

92.  SPHERICAL  TRIGONOMETR  Y,  the  Elements  of.    By  Jambs 

Hann.    Revised  by  Cuarlbs  H.  Dowuno,  C.B.    xs. 
%*  Or  with  "  The  Rlementt  of  Plane  Trigonometry**  in  One  Volume,  M.  6d. 

^l,  MENSURATION  AND  MEASURING.  With  the  Mensniation 

and  Levelling  of  Land  for  tiie  Purposes  of  Modem  Engineering.    By  T. 

Bakbr,  CE.    New  Edition  by  E.  Nuobnt,  C.E.    Illustrated,    xs.  6d. 
loi.  DIFFERENTIAL  CALCULUS,  Elemients  of  the.    By  W.  S.  B. 

WooLHousB.  F.R  A.S.,  ftc.    xs.  6d. 
102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.     By 

H0MBR8HAM  Cox,  B.A.    Illustrated,    xs. 

105.  MNEMONICAL  LESSONS. -^QfEXSVXtvt,  Aloebka,  and 
Trioonombtry,  in  Easy  Mnemontcal  Lessons.  By  the  Rev.  Thomas 
Pbnynoton  Kirkman,  M.A.    xs.  6d. 

156.  ARITHMETIC,  Rndimentaiy,  for  the  Use  of  Schools  and  Self- 

Instmction.    By  Jambs  Haddon,  M.A.    Revised  by  A.  Arman.    xs.  6d. 
137.   A  Kby  to  Haddon's  Rudimbntary  Arithmbtic    By  A.  Arman.    xs.  6d. 

The  %  indicatet  that  thete  volt,  may  he  hadttnmgly  bound  ai  6d.  extra, 
7,   STATIONBRS'  HALL  COURT,  LUDGATE   HILL.  B.C* 
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Mathematics,  Arithmetic,  etc,  continued. 

i6S.  DRAWING  AND  MEASURING  INSTRUMENTS.  Incdud- 
tni^I.  Instruments  emplored  in  Geometrical  and  Mechanical  Drawin^^, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  pniposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.    By  f .  F.  Hbathkr,  M.A.    Illustrated,    xs.  6d 

169.  OPTICAL  INSTRUMENTS.  Including  (more  especiaUy)  Tele- 
scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Fhotoirraphy.    By  J.  F.  Heather,  M.A.    Illustrated,    xs.  6d. 

17a  SURVEYING   AND   ASTRONOMICAL   INSTRUMENTS. 
Includinjf — ^I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Grronnd.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions. •  By  J.  F.  Heather,  M.A.    Illustrated,    xs.  6d. 
'«*  The  above  three  volumes  form  am  enlargement  of  ike  Auikot^s  original  vecrJb, 
**  Mathemaiical  Insiruments."    (See  No.  xi  in  ike  Series.) 

xG^-^MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heather, 

X69. 7*  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-wntten.  The  3  Parts  as 

170.^  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.t 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;    containing 

liill,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 

unexampled  rapidity  and  accuracv.     By  Charles   Hoarb,    CE.     Fifth 

Edition.    With  a  Slide  Rule  in  tuck  of  cover,    as.  6d.t 

196.  THEORY    OF  COMPOUND  INTEREST  AND   ANNUI- 

TIES ;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  ol 
Interest,  Discount,  Annuities,  Sic.    By  FCdor  Thomam.    4S.t 

199.  THE  COMPENDIOUS  CALCULATOR  ;  or.  Easy  and  Concise 

Methods  of  Performing  the  various  Arithmetical  Operations  reoaired  in 
Comrncrcial  and  Business  Transactions;  together  witn  Usetul  Tables.  By 
D.  O' Gorman.  Twenty-sixth  Edition,  carefully  revised  by  C.  Norris.  3s., 
cloth  limp ;  3s.  6d.,  strongly  half-bound  in  leather. 
204.  MATHEMATICAL  7U^Z^5,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Henry  Law,  C.£.  TogeAer  with  a  Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  Prof.  J.  R.  Youno.  New  Edition.  4s. t 
204*.  LOGARITHMS.  With  Mathematical  Tables  for  Trigonometrical, 
Astronomical,  and  Nautical  Calculations.  By  Hskry  Law,  M.Inst.C.E.  New 
and  Revised  Edition.  (Formingpartof  the  above  Work).  3s. 

221.  MEASURES,    WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
T/ONSt  and   nn    Analysis  of  the  Christian,   Hebrew,   and    Mahometan 
Calendars.   By  W.  S.  B.  Woolhousb,  F.R.A.S.,  F.S.S.  Sixth  Edition.  ss.t 
227.  MATHEMATICS  AS   APPLIED    TO    THE   CONSTRUC- 
TIVE ARTS.    Illustrating  the  various  nrocetses  of  Mathematical  Investi- 
Ktion,  by  means  of  Arithmetical  and  Simple  Alrebraical  Equations  and 
actical  Examples.    By  Francis  Campin,  C.E.    Second  Edition.    3s.t 


PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

1.  CHEMISTRY,    By  Professor  George  FowNKS,  F.R.S.    With 

an  Appendix  on  the  Application  of  Chemistry  to  AgriculturQ.    xs. 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of.    By 

C.  ToMLiNSON.    Woodcuts,    xs.  6d. 

6.  MECHANICS,  RudimenUry  Treatise  on.     By  Charles  Tom- 

UNSON.    Illustrated,    is.  6d. 
T.  ELECTRICITY;  showing  the  General  Principles  of  Electrical 
Science,  and  the  purposes  to  which  it  has  been  applied.    By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.     With  Additions  by  R.  Sabinb,  CE.,  F.S  A.    xs.  6d. 

7».  GALVANISM,    By  Sir  W.  Snow  Harris.     New  Edition  by 

RoBSRT  Sabins,  C.E.,  F.S.A.    xs.  6d. 
8.  MAGNETISM;  being  a  concise  ExposiUon  of  the  General  Prin- 
ciples of  Maciietical  Science.    By  Sir  W.  Snow  Hasjus.    New  Edition, 

revised  by  H.  M.  Noad,  Ph.D.    With  x6s  Woodcots.    3»«  ^4 

7'Me  t  indicates  ikai  these  vols,  may  be  kadsinmtrfy  bound ai  6d.  extra, 
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Physical  Science,  Natural  Philosophy,  etc.,  continued, 

11,  THE  ELECTRIC  TELEGRAPH;  its  History  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabinb,  C.E.,  F.S.A.    3s. 

12.  PNEUMATICS,   for    the    Use    of   Beginners.     By   Charles 

ToMUNSON.    Illustrated,    zs.  6d. 

7a.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 
Fossil  Shells.    By  Dr,  S.  P.  Woodward,  A.L.S.    Fourth  Edition.    With 
Appendix  by  Ralph  Tatb,  A.L.S.,  F.G.S.     With  numerous  Plates  and  300 
Woodcuts.     68.  6d.    Cloth  boards,  7s.  6d. 

96.  ASTRONOMY,    By  the  late  Rev.  Robert  Main,  M.A.    Thiid 

Edition,  by  Wiluam  Thynnb  Lynn,  B.A.,  F.R.A.S.    2s. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodj'namics,  and 
Central  Forces.    By  T.  Bakbr,  C.E.    is.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Guide  to  Candidates  for 
Employment  in  the  Telespraph  Service.  B]^  R.  Bond.  Fourth  Edition^ 
Includin|r  Questions  on  Magnetism,  Electricity,  and  Practical  Telegraphy,, 
by  W.  McGrbgor.    3s.t 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "Rudiments  of  Geology."  By  Ralph  Tatb,A.L.S.,&c.  Woodcuts,  as.. 

174.  HISTORICAL    GEOLOGY,    partly    based    on    Major-General 

PoRTLOCK*s  "Rudiments."  By  Ralph  Tatb,  A.L.S.,  &c.  Woodcuts.  2s.6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

&         Historical.    Partly  based  on  Major-General  Portlock's  "  Rudiments  of 

174.     Geology."    By  Ralph  Tatb,  A.L.S.,  F.G.S.,  &c.    In  One  Volume.  4s.  6d.i 

183    ANIMAL  PHYSICS,  Handbook  of.    By  Dr.  Lardner,  D.C.L., 

Sc        formerly  Professor  of  Natural   Philosophy  and  Astronomy  in   University 

^^M       College,  Lond.   With  530  Illustrations.    In  One  Vol.    7s.  6d.,  cloth  boards. 

^*  •»*  Sold  alto  in  Two  Paris^  as  follows  : — 

Z83.     Animal  Physics.    By  Dr.  Lardnbr.    Part  I.,  Chapters  I.— VII.    4s. 
184.     Animal  Physics.    By  Dr.  Lardnbr.    Part  II.,  Chapters  VIII. — XvIII.  3s. 


FINE  ARTS. 

ao.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 
Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  Gborgb  Pynb.  %%. 

40  GLASS  STAINING,  AND  THE  ART  OF  PAINTING  ON 
GLASS.  From  the  German  of  Dr.  Gbssbrt  and  Emanuel  Otto  From- 
BBKG.    With  an  Appendix  on  Thb  Art  of  Enamelling.    2s.  6d. 

69.  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 
numerous  Examples.    By  Charlbs  Child  Spbncbr.    2s.  6d. 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises  ft  Lessons  from  the  Best  Masters.   By  Charlbs  Child  Spbncbr.   S8.6d. 

t^1\,  MUSIC  ts' THB  PIANOFORTE,    In  one  vol.    Half  bound,  5s. 

181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-GIass,  Temppra,  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum.  Pottery,  Enamel,  Glass,  ftc.  Witn  Historical 
Sketches  of  the  Progress  of  the  Art  \yj  Thomas  John  Guluck,  assisted  by 
John  Timbs,  F.S.A.    Fifth  Edition,  revised  and  enlaiiged.    5s.t 

186.  A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  Gborgb  Fibld.  New  Edition,  enlarsed  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  DoBigner.  By  Ellis  A. 
Davidson.    Witii  two  new  Coloured  Diagrams,  8tc.    3s.t 

246.  A  DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FQR 
PICTURE  AMATEURS ;  including  Methods  of  Painting,  Cleaning,  Re- 
lining  and  Restoring,  Schools  of  Painting,  ftc.  With  Notes  on  the  Copyists 
and  Imitators  of  each  Master.    By  Phiuppb  Daryl.    as.  6d.t 

The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d^  extra. 
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INDUSTRIAL   AND   USEFUL  ARTS. 

23.  BRICKS  AND  TILES^  Rudimentary  Treatise  on  the  Mannfac- 

tnre  of.    By  E.  Dobson,  M.R.I.B.A.    Illostnted,  3s.t 
67.  CLOCKS,  WATCHES^  AND  BELLS,  a  Rudimentary  Treatise 

on.   By  Sir  Edmund  Bbckbtt,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en- 

Urged.    4t.  6d.  limp :  5s.  6d.  cloth  boards. 

83«».  CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 
Papen  of  A.  C.  Hobbs.  and  Edited  bv  Chablbs  Tomukson,  F.R.S.  With 
Additions  by  Robebt  Mallbt,  M.I.C.E.    Illns.    ss.  6d. 

162.  THE"  BRASS  FOUNDER'S  MANUAL;  Instnictions  for 
Modellingp  Pattern-Making,  Moulding,  Taming,  Filing,  Brwialwiig, 
Bronaing,  See  With  copious  Receipts.  &c    By  Waltbb  Gbahax.    bs^ 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.  By 
J.  G.  Badbnoch.    Illustrated  with  is  full-page  Engravings  of  ExampIeB.  xa. 

215.  THE  GOLDSMITHS  HANDBOOK,  containing  full  Xustroc- 

tions  for  the  Alloying  and  Working  of  Gold.    By  Gborob  E.  Gbb,    3*,% 

225.  THE   SILVERSMITHS   HANDBOOK,    containing  full  In- 

structions  for  the  Alloying  and  Working  of  Silver.   By  Gbokgb  £.  Gbb.    ts.t 

•«•  Tkd  two  preceding  Wcrkt,  in  One  handsome  Vol.^  kal/'boundy  eniiiied  *'  Thb 

Goldsmith's  &  Silvbbsuith's  Complbtb  Handbook.*'  7^.  {Just publitked. 

224.  COACH  BUILDING,    A   Practical    Treatise,    Historical    and 

Descriptive.    By  J.  W.  Burobss.    ss.  6d.t 
235.  PRACTICAL  ORGAN  BUILDING.     By  W.  £•  DiCKSOW, 

M.A..  Precentor  of  Ely  Cathedral.   Illustrated,  ts.  6d.t 
249.  THE  HALL  MARKING  OF  JEWELLERY  PRACTICALLY 

CONSIDERED.    By  Gbobob  E.  Gbb.    3s.t 


MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHJB- 
OLOGY,  ike  FINE  ARTS,  &<.  ByToHNWBALB.  Fifth  Edition.  Reviaed 
by  RoBBBT  Hunt,  F.R.S.    ninstratea.    ss.  linqi ;  6s.  cloth  boards. 

5a  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 
VICES.    By  David  Gibbons.    Third  Edition,  enlarged.    js4 

112.  MANUAL  OF  DOMESTIC  MEDICINE.  By  R.  GoODiHO* 
B.A .,  M.D.  A  Family  Guide  in  all  Caseg  of  Accideot'and  Emetgency.  ts.S 
Ii2««  MANAGEMENT  OF  HEALTH.  A  Manual  ot  Home  and 
Personal  Hygiene.    By  the  Rev.  Jambs  Baird,  B.A.    is. 

150.  LOGIC,  Pure  and  Applied.     By  S.  H.  Emmens.     is.  6d. 

153.  SELECTIONS    FROM    LOCKE'S    ESSAYS    ON    THB 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmbns.    bs. 

154.  GENERAL  HINTS  TO  EMIGRANTS.    Notices  of  the  various 

Fields  for  Emigration,  Hints  on  Outfits,  Useful  Recipes,  he.    ss. 

157.  THE  EMIGRANTS   GUIDE   TO   NATAL.      By  Robbet 
Jambs  Mann,  F.R.A.S.,  F.M.S.    Second  Edition.    Map.    ss. 

193.  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  forthe 

Guidance   of   Officers    Preparing  for   Promotion.     By    Major  W.   W. 
Knollys,  F.R.G.S.    With  163  ^lodcnts.    z%A 

194.  THE  HOUSE   MANAGER:  Being  a  Guide  to  H< 

Practical  Cookery,  Pickling  and  Piesetving,  Household  Wotk.  M^mjaj 
ManMement,  the  Table  and  Dessert.  Cellarage  of  Wines,  Home-oreirinc 
and  Wine-making,  the  Boudoir  and  Dressing-room,  Travdliag,  SteUe 
Economy,  Gardenmg  Operations,  ftc.    By  Am  Old  HousBKBBPBit.    js.  6d4 

i94>  HOUSE  BOOK  {The).  Comprising :— I.  The  House  Makagss. 

1 12  &    Bv  an  Old  Housbkbbpbb.   II.  Dombstic  Mbdigmb.   Bv  R.  GooDDro,  M.D. 

1 1 2*.  '^^*  MANAOBMBirr  OP  Hbaltu.    By  J.  Baibd.    In  One  Vol.,  half-bound,  6s. 

The  t  indicates  that  these  vols,  may  he  had  sirengiy  homnd  at  6d.  exim. 
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EDPCATIOWAL  AND  CLASSICAL  SEBIES. 

HISTORY. 

I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Proeress  of  the  English  Constitution.  By 
William  Douglas  Hamilton,  F.S.A..  of  Her  Ma.jetty'M  Public  Record 
Office.    4th  Edition,  revised.    5s. ;  clotn  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilisation  in  Europe.  By  W.  Douglas  Hamilton. 
of  University  College,  London,  and  Edwakd  Lbviin,  M.A.,  of  Ballioi 
College,  Oxford,    ss.  6d. ;  cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Lbvibn,  of  Ballioi  College,  Oxford.  Map,  as.6d. ;  cl.bds.  3s. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Present  Time.  The  Continuation  by 
W.  D.  Hamilton,  F.SA.    3s. ;  cloth  boards,  3s.  6d. 

so.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  Rand,    z^ 

ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hydx 
Clarxb,  D.CX.  Fourth  Edition,  is,  6d. 
II*.  Philology :  Handbook  of  the  ComparatiYe  Philology  of  English,. 
Anglo-Saxon.  Frisian,  Flemish  or  Dutch,  Low  or  Piatt  Dutch,  High  Dntcb 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and! 
Portuguese  Tongues.    By  Hyde  Clarxb,  D.C.L.    zs. 

12.  Dictionary  of  the  English   Language,  as  Spoken  and 

Written.  Containing  above  xoo,ooo  Wordi.  By  IIydb  Clark^  D.C.L.. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  <s.6d.. 

48.  Composition   and   Punctuation,  familiarly  Explained  for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brbnan.. 
X7th  Edition,    zs.  60. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek.  Latin,  Saxon,  German,  Teutonic,  Dutch,  Fxvnch,  S^asisb^ 
and  other  Languages :  with  their  present  Acceptation  and  Pzonondation.. 
By  J.  RowBOTHAM,  F.R.A.S.    Improved  Edition,    zs.  6d. 

51.  The  Art  of  Extempore  Speaking :  Hints  for  the  Pulpit,  the- 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar*G«neral  and  Professor  at  the> 
Sorbonne.  Translated  from  the  French.  7th  Edition,  carefnUy  corrected.  ss.6d» 

53.  Mining  and  Quarrying,  with  the  Sciences  connected  there* 
with.  First  Book  of,  for  Scho^s.  By  J.  H.  Coluns,  F.G.S.,  Lectnzer  to 
die  Miners'  Association  of  Cornwall  and  Devon,    zs. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.    By  the  Rev.  Edgar  Rakd,  B  A.    zs. 

54.  Analytical  Chemistry,  Qualitative  and  QHantitatiye,  a  Course 

of.  To  which  is  prefixed,  a  Brierlreatise  upon  Modem  Chemical  Nomencla- 
tnie  and  Nototion.    By  Wm.  W.  Pink  and  Gborob  E.  Wbbstbr.    as. 

THE   SCHOOL    MANAGERS'   SERIES  OF  READING 

BOOKS, 
Edited  by  the  Rer.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary  Canon  of  Ely  ; 

formerly  H.M.  Inspector  of  Schools. 
Introductort  Primbr,  3<f. 

s.  A 

Fourth  Standard   .   .   •  x  » 

Fifth     „      .   .   .  x  6 

Sixth     „      .   .   .  x  6 

Lbssons  from  THi  BiBLB.    Part  I.    Old  Tertament.    is.        ....      ... 

Lbssons  from  thb  Biblb.  Part  II.  New  Testament,  to  wfai^  is  added 
Thb  Gbooraphy  of  thb  Biblb,  for  wry  younf  Children.  By  Rer.  C. 
Thornton  Forstsr.    is.  ad.    %•  Or  theTwo  Parts  m  One  Volume,  ss. 


First  Standard  .06 

Sbcond      „  .       .    0  10 

Third        „  .       .    x    o 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genden  of  French  Nonas.    By  G.  I«.  Stjlauss,  Fh.D.    is.  6d. 

25.  French-English  Dictionary.    Comprising  a  large  nnmber  of 

New  Terms  nsed  in  Engineering,  Mining^,  &c.    By  Alfrbd  Elwbs.    is.  6d. 

26.  English-French  Dictionary.    By  Alfred  Elwes.    2s. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  Vol.,  3s. ; 

doth  boards,  3s.  6d.    *«*  Or  with  the  GRAmiAs,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book :  containing  Intro- 
ductory Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col* 
lection  of  suitable  Phrases,  and  Easy  Familiar  Dialogues,    xs.  6d. 

GERMAN. 

39.  German  Grammar.      Adapted   for   English   Students,  fkom 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,    is.  6d. 

40.  German  Reader :  A  Series  of  Extracts,  carefully  culled  Irom  the 

most  approved  Authors  of  Germany;  with  Notes,  Philological  and  Ex- 
planatory.   By  G.  L.  Strauss,  Ph.D.    xs. 

41-43.  German  Triglot  Dictionary.     By  N.  E.  S.  A.  Hamilton. 

In  Three  Parts.    Part  I.  German-Frcnch-Engjish.     Part  II.  £oglish-Ger- 
man-French.    Part  III.  French-German-English.     3s.,  or  cloth  boards,  4s. 

41-43  German  Triglot  Dictionary  (as  above),  together  with  German 

Sc  39.     Grammar  (No.  39),  in  One  Volume,  cloth  boards,  ss. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwbs.    is.  6d.  ,      «      ,  ,    „    * 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwbs. 
Vol.  X.  Italian-English-French.    2s.  6d.         ^       .      ^  ,,  , 

30.  Italian    Triglot    Dictionary.      By  A.  Elwes.      VoL  2. 

English-French-Italian.    ss.  6d.  ^      .  ^  ,t  1 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwes.    VoL  3. 

French-Italian -Enelish.    ss.  6d.  »       ^     rx       ir  1      -      ^cj 

18,30,  Italian  Triglot  Dictionary  (as  above).    In  One  VoL,  /s.  M. 

32.      Cloth  boards. 

SPAN ISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.    With 

a  Course  of  Exercises.    By  Alfred  Elwbs.    is.  6d. 

35.  Spanish-English   and   Knglish-Spanish    Dictionary 

Including  a  large  number  of  Technical  Terms  used  m  Mmmg,  Engmeenng,  8tc. 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfrbd  Elwes 
4S.;  cloth  boards,  5s.    V  Or  with  the  Grammar,  cloth  boards,  fa. 

55.  Portuguese   Grammar,  in    a  Simple  and  Practical    torm. 

With  a  Course  of  Exercises.    By  Alfred  Elwbs.    xs.  6d. 

56.  Portuguese-English   and    English-Portuguese  ^pic- 

tionarj'.  Including  a  large  number  of  Technical  Terms  used  m  Mmmg. 
Engineering,  8cc.,  with  the  proper  Accents  and  the  Gender  of  cwry  Noun. 
By  Alfred  EL\;rBS.  5s.;  cloth  boards,  6s.  •,•  Or  iMth  the  Grammar. 
cloth  boards,  7s. 

HEBREW- 

46».  Hebrew  Grammar,    By  Dr.  Bresslau.     is.  6d. 
44.  Hebrew  and  English  Dictionary,  BibUcal  and  Rabbmical ; 

conUining  the  Hebrew  and  Chaldec  Roots  of  the  Old  Testament  Port- 
Rabbinical  Writings.  By  Dr.  Bresslao.  6s.        ^    ^     ^ 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Beesslau.    35. 
44,46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

46*.      the  Grammar,  cloth  boards,  xss. ___^ 
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LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  GooDwiit . 
M.A.,  Head  Master  of  the  Greenwich  ProprieUry  School,    is.  6d. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

MJl.      2S. 

22.  English- X4atin   Dictionary;  together  with  an  Appendix  of 

French  and  lulian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  Thomas  Goodwin,  M.A.    ib,  6d. 
20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. 
cloth  boards,  4s.  6d.    \*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.    Containing  fjitracts  from  Classical  AuUion, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Youkg.  is.  6d. 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young,    ss. 

3.  Cornelius  Nepos.    With  Notes.    By  H.  Youno.    is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Young,    is.  6d. 

5.  Virgilii  Maronis  .^^eis.    With  Notes,  Critical  and  Explanatory, 

b^  H.  Youno.  New  Edition,  revised  and  improved  With  copions  Addi- 
tional Notes  by  Rev.  T.  U.  L.  Lbary,  D.C.L.,  formerly  Scholar  of  Brasenose 
College,  Oxford.    3s. 

«• Part  X.    Books  i.— vi.,  is.  6d. 

5**  •^—  Part  2.    Books  vii.— xii.,  ss. 

6.  Horace;  Odes,  Epode,  and  Carmen  Saeculare.     Notes  by  H. 

Young,    is.  6d. 

7.  Horace ;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  B&oWN« 

rigg  Smith,  M.A.,  F.K.G.S.    is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellmn  Jugurthinum.  Notes,  Critical 

and  Explanatory,  by  W.  M.  Donns,  B.A.,  Trin.  Coll.,  Cam.    is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.    With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M  Jl.    ss. 

11.  Terentii  Eunnchus,  Comoedia.   Notes,  by  Rev.  J.  Davies,  M.A. 

IS.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Edited,  with  an 

Introduction,  Analysts,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
Jambs  Davibs.  M.A.    is.  6d. 

13.  Ciceronis    Orationes   in    Catilinam,  Verrem,   et   pro    Archia. 

With  Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Lbary,  D.C.L.  formerly  Scholar  of  Hrasenoae  Collie,  Oxford. 
IS.  6d. 

14.  Ciceronis  Cato  Major,  Leelius,  Brutns,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrjgo  Smith, 
M.A.,  F.R.G.S.    as. 

16.  Livy :  History  of  Rome.  Notes  by  H.  Youno  and  W.  B.  SiOTH, 

M  J^.    Part  I.    Books  i.,  ii.,  is.  6d. 

i6*. Part  a.    Books  iii.,  iv.,  v.,  is.  6d. 

xy. Part  3.    Books  xxi.,  xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Fropertius, 

and  Ovid.  Notes  by  W.  B.  Donnb,  M.A.,  Trinity  College,  Cambridge,    st. 

20.  Latin  Prose   Selections,  from  Yarro,  Columella,  Vitruvins, 

Seneca,  Quintilian,  Floras,  Velleius  Paterculus,  Valerius  Maximos  Sueto- 
nius, Apuleins,  &c.    Notes  by  W.  B.  Donnb,  MA.    as. 

21.  Juvenalis  Satirae.    With  Prolegomena  and  Notes  by  T.  H.  S. 

EscOTT,  B.A*,  Lecturer  on  Logic  at  King's  CoU^e,  London,    as. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  our  own  day  By  Hans 
Claude  Hamilton,    is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 

their  Significations,  Inflections,  and  Doubtfnl  Quantities.  By  Hbmry  R. 
Hamilton.  Vol.  x.  Grcek-English,  as.  6d.  j  Vol.  2.  English-Greek,  as.  Or 
the  Two  Vols,  in  One,  4s.  6d. :  cloth  boards.  58. 

14,15.  Greek  Lexicon  {as  above).    Complete,  with  the  Gsammas,  id 

17.  One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.    With  Explanatory  Notes  in  English. 

I.  Greek  Delectus.    Containing  Extracts  from  Classical  Aathots, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Youno.  New 

Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 

Hutchison,  MA.,  of  the  High  School,  Glasgow,    xs.  6d. 

2,  5.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 

Notes  and  a  Geographical  Register,  by  H.  Young.  Part  i.  Books  1.  to  iii., 
IS.    Part  a.  Books  iv.  to  vii.,  xs. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Young,    xs.  6d. 
5-13.  Homer,  The  Worlcs  of.    According  to  the  Text  of  Baeuulbin. 
With  Notes,  Critical  and  Ezplanator^r,   drawn  from  the  best  and  latest 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Lbary,  M.A.,  D.C.L. 
Thb  Iuad  :        Part  x.  Books  i.  to  ri.^  zs.6d.       Part  3.  Books  xtii,  to  xviii.,  xs.  6d. 
Part  3.  Books  vii.  to  zii.,  xs.  6d.      Part  4.  Books  ziz.  to  xxiv.,  xs.  6d. 
Tbb  Odyssby :  Part  x.  Books  i.  to  vi.,  xs.  6d         Part  3.  Books  ziii.  to  zviii.,  zs.  6d. 
Part  2.  Booksvii.toxii.,  xs.6d.       Part  4.  Books  xix.  to  zziv.,  and 

Hymns,  as. 
13.  Plato's  Dialogues :  The  Apology  of  Socrates,  the  Crito,  and 
the  Phaedo.  From  the  Text  of  C.  F.  Hermann.  Edited  with  Notes.  Critical 
and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.  as. 
14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisfoeo. 
With  Preliminary  Observations  and  Appendices,  and  Notn,  Critical  and 
Explanatory,  by  T.  H.  L.  Lbary.  M.A.,  D.C.L. 

Part  X.    Books  i..  ii.  (The  Clio  and  Euterpe),  as. 

Part  2.    Books  iii.,  iv.  (llie  Thalia  and  Melpomene)^. 

Part  3.    Books  v. -vii.  (The  Terpsichore,  Erato,  and  Polymnia),  zm. 

Part  4.    Books  viii.,  ix.  (Hie  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  CEdipusTyrannus.    Notes  by  H«  Young,    is. 

20.  Sophocles:  Antigone.  From  the  Text  of  Dindorf.  Notes, 
Critical  and  Explanatory,  by  the  Rev.  John  Milnbr,  B.A.    as. 

43.  Euripides :  &ecuba  and  Medea.  Chiefly  from  the  Text  of  Dik- 
DORF.  With  Notes,  Critical  and  Explanatory,  by  W.  Brownrigo  Smith, 
M  Jl.,  F.R.G.S.    xs.  6d. 

26.  Euripides:  Alcostis.    Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milnbr,  B.A.    xs.  6d. 
30.  .iSschyius :  Prometheus  vmctus :  The  Prometheus  Bound.  From 
the  Text  of  Dinborf.  Edited,  with  English  Notes,  Critical  and  Explanatoiy, 
by  the  Rev.  Jambs  Davibs,  M.A.    xs. 

32.  w^lschylus :  Septem  Contra  Thebes :  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  Jambs  Davibs,  MA.    xs. 

40.  Aristophanes :  Achamians.    Chiefly  from  the  Text  of  C.  H. 

Wbisb.    With  Notes,  by  C.  S.  T.  Townsubno,  M.A    X8.6di 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.    Book  x.    xs.  6d. 

42.  Xenophon*s  Panegyric  on  Agesilaus.    Notes  and  Intro* 

duction  by  Ll.  F.  W.  Jbwitt.    xs.  6d. 

43.  Demosthenes.    The  Oration  on  the  Crown  and  the  Philippics. 
With  English  Notes.    By  Rev.  T.  H.  L.  Lbary,  D.C.L.,  formerly  Scholar  of 

Brasenoae  College,  Oxford,    xs.  6d. 
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